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THE MALE HORMONE CONTENT OF RUMINANT MANURE 1 

C. W. TURNER 

Department of Dairy Husbandry, University of Missouri, Columbia 

While the bull testis served as the source of the first extract of male 
hormone (8, 9) and bull urine was found to be one of the paths of excretion 
of slight amounts of this hormone (7), it was not until 1942 that Riley and 
Hammond presented evidence indicating that dairy cattle, during certain 
physiological states excrete considerable amounts of male hormone bj r way 
of the digestive tract in Ihe manure. They noted the precocious develop¬ 
ment of the comb and wattles of chicks fed dried cow manure as part of 
the starter ration without stimulation of the gonads. This observation not 
only indicated the presence of some androgenic hormone in the manure but 
its oral availability to the chick as well. 

The largest content of androgens was observed to be present in the 
manure of dairy cows in lactation in various stages of pregnancy. Manure 
from heifers not pregnant prdduced slight comb development, whereas that 
from bulls was reported to be without effect. 

The secretion of considerable amounts of male hormone by the lactating 
cow and its elimination in the feces adds significance to the observations of 
many investigators that androgens stimulate the growth of the mammary 
glands and may play a role in stimulating the lactation process. It seemed 
of interest, therefore, to study further the extent of elimination of the male 
hormone by various ruminants preliminary to a detailed study of the excre¬ 
tion rate of this hormone during various physiologic periods. 

EXPERIMENTAL 2 

The method of assay of the androgenic hormone in the manure of vari¬ 
ous species of ruminants has been essentially the same as that described by 
Riley and Hammond (11). White Plymouth Rock chicks were substituted 
for Rhode Island Reds. The basal chick starter is the same as used in our 

Received for publication August 19, 1946. 

i Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station, Journal Series No. 1009. 

21 am indebted to Mr. A. J. Olsan for his aid in the collection and drying of the 
samples and for the care of the chicks during the period of assay of the male hormone. 

1 

Copyright. 1947. by the American Pa my Science Assojbmtion. 
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previous studies (14) except that the alfalfa meal was eliminated in pro¬ 
portion to the addition of manure up to 10 per cent of the diet. At the end 
of 4 weeks, the combs were removed even with the surface of the head and 
weighed. The average comb weight and the comb weight per 100 gm. body 
weight indicates the extent of androgen stimulation. When the chicks were 
sexed, the sum of the average weight of the combs of the males and females 
was divided by two. 

Since David (2) showed that the sensitivity of the capon comb to andro¬ 
gen stimulation showed a seasonal variation of as much as 100 per cent from 
the peak response in winter to the minimum in the summer, the date of each 
assay is reported. It might be expected that a similar seasonal variation 
would occur in our assay method since a seasonal rhythm in thyroid secre¬ 
tion rate of chicks has been observed (10) under the same environmental 
conditions. 

The urine-free manure was collected daily, placed in a thin layer in an 
electric drying joven, and heated to dryness at a temperature of 45° C. or 
slightly less, except where especially indicated. Usually about 48 hours 
were required to dry this material. The manure was then ground in a mill 
to the consistency of alfalfa meal. The starter ration containing the dried 
cow manure in amounts up to 20 per cent was eaten without apparent dis¬ 
crimination by the chicks. 

Unless otherwise indicated, the manure was collected from the same 
group of lactating cows is free of urine, straw and extraneous material as 
possible. 

EXPERIMENTAL RESULTS 

I. Effect of the temperature of drying on male hormone in cow manure. 
In the original study of Riley and Hammond (11) and in later publications 
(4) it was reported that drying cow manure at a temperature of 80° C. 
caused the total destruction of the male hormone. To determine the effect 
of the temperature of drying of cow manure upon the male hormone content 
under our conditions, samples of cow manure were dried at 45°, 55°, 65°, 
75°, and 85° C. in a Freas electric oven. At the lower temperatures about 
48 hours were required. At the higher temperatures drying was faster, 
requiring only 24 hours. 

The manure was then ground and fed to groups of about 20 chicks as 
10 per cent of the chick starter ration. It will be seen in table 1 that as 
the temperature of drying manure increased there was a gradual inactiva¬ 
tion of the male hormone present. At temperatures above 75° C. all hor¬ 
mone was destroyed since the comb weights were down to control levels. 

From these data it appears that the slow drying of cow manure at tem¬ 
peratures above 45° C. for 24 hours or more inactivates increasing amounts 
of the male hormone present up to about 75° C. It is possible that even a 
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lower temperature of drying would preserve even larger amounts of the 
hormone, although the drying time would be increased. These data do not 
answer the question whether higher drying temperatures might not be em¬ 
ployed successfully if the time of drying could be reduced to a minimum. 

II. The androgen content of manure of cattle, goats, and sheep. The 
following comparisons are based upon the inclusion of 10 per cent of the 
manure in the chick starter ration. In each case the manure w r as dried at 
45° C. The average weight of the combs of the control White Plymouth 
Rock chicks at 4 weeks of age varied from 47.8 mg. to a high of 91.0 mg., 
with an average of 61.3 mg. for 51 chicks. When chicks were fed manure 
from lactating cows, the combs were much enlarged and bright red in color. 
The combs of 40 chicks averaged 225.2 mg. in weight—almost a 4-fold in- 

T A TILE 1 


Effect of drying temperature upon male hormone content of cow manure fed at 10% level 
(Experiment started, Feb. J4, 1946) 


Temperature 
of drying 
for 24 to 

48 hours 

■|M 

Average body 
weight at 

28 days 

Average 

comb 

weight 

Comb weight 

100 gin. 
body weight 

°C. 


pm. 

mg. 


45 

20 

259.0 

249.2 

96.2 

55 

20 

227.6 

3 78.9 

78.6 

65 

21 

231.5 

76.3 

32.9 

75 

21 

232.6 

31.2 

13.4 

85 

21 

233.5 

35.0 

14.6 


crease over the control chicks’ comte. This average comb weight is quite 
similar to that reported by Riley and Hammond (11) for chicks fed manure 
from lactating cows (237.1 mg.). 

In a preliminary test of mixed bull manure, the average comb weight 
of the chicks indicated the presence of about one-fourth as much male hor¬ 
mone as did the manure from lactating cows. In a further test of the 
manure of three Holstein-Priesian bulls varying in age from 2 to 16 years, 
only slight stimulation was observed. 

Prom the data presented, it would appear that lactating goats are not 
similar to lactating cows in excreting large amounts of male hormone in their 
feces. At least, if it is excreted, it is not orally available to chicks. The 
sample from the pregnant, not lactating, group showed the greatest effect 
upon the comb. Some male hormone is excreted by the buck since the 
response of the comb was about double that of the controls and was greater 
than that shown by the bulls. 

Samples from a single, non-pregnant ewe at two periods showed slight 
responses comparable to that of the non-pregnant goats. 

Prom these observations, it would appear that the lactating cow elimi¬ 
nates a considerable amount of an androgen or androgens which are orally 
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available to the chick. Lactating goats and other ruminant animals both 
male and female appear to excrete only slight amounts by this route. 

III. Androgen in manure from lactating cows compared with methyl 
testosterone administered orally. Riley and Hammond (11) fed 18 mg. 
of testosterone acetate per kg. of feed in one lot and 18 mg. testosterone 
acetate+ 3.6 mg. of estrone to a second lot of chicks. The comb weights 
of the two groups were essentially the same. On the basis of equal numbers 
of the two sexes, the average comb weight of 48 chicks was 649.7 mg. Since 
the average comb weight of these chicks was far above the comb weight .of 


TABLE 2 

The androgen content of dry manure of cattle , goats and sheep 
(Fed as 10% of the chick ration) 


Type of manure 

No. of 
chicks 

Average 
body 
weight 
at 28 
days 

Average 

comb 

weight 

Comb 
weight 
100 gm. 
body wt. 

Date of 
start of 
experiment 



gm. 

mg. 



Control feed .... 

10 

305.1 

56.3 

18.4 

Nov. 

11 

10 

227.7 

60.8 

26.7 

Dec. 

n 

11 

307.4 

91.0 

29.6 

Dee. 

11 

20 

223.1 

47.8 

21.5 

May 

Cow, lactating 

10 

257.1 

172.6 

67.1 

Oct. 

(( 

10 

296.6 

229.8 

77.4 

Dec. 

11 

20 

259.0 

249.2 

96.2 

Feb. 

Bull, mixed 

8 

230.6 

119.5 

51.8 

Dec. 

H-Bull—16 years . ... 

20 

261.2 

62.7 

23.9 

May 

H-Bull— 2 years 

19 

219.4 

59.3 

26.7 

May 

H-Bull— 6 years 

20 

247.1 

73.6 

29.5 

May 

Goat, not pregnant . . 

Goat, pregnant non-lactating 
Goat, lactating 

21 

272.0 

77.4 

29.3 

May 

10 

248.1 

134.9 

54.3 

Oct. 

21 

256.9 

76.5 

29.2 

May 

Buck 

19 

223.0 

95.2 

41.1 

May 

Sheep, not pregnant 

10 

307.0 

97.5 

31.7 

Oct. 

< i 

20 

221.3 

62.9 

28.4 

May 


chicks fed 10 per cent manure, it seemed desirable to determine the amount 
of synthetic male hormone administered orally equivalent to the amount 
of male hormone present in the manure of lactating cows. 

In a preliminary experiment, groups of about 20 chicks each were fed 
from 0.75 mg. to 6.0 mg. of methyl testosterone 3 per kg. of feed. As will 
be observed in table 3, this dosage range was too low to compare with vary¬ 
ing amounts of cow manure added to the ration, so in a second experiment 
the amount of hormone was increased progressively from 10.0 mg. to 40.0 
mg. per kg. of feed. There was a regular increase in average comb weight 
of the chicks up to 30.0 mg. per kg. of feed. When this latter amount was 
fed dissolved in soybean oil, the comb response was slightly reduced. 

3 Kindly supplied by Dr. E. Schwcnk of Sobering Corp., Bloomfield, N. J. 
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For comparison with these data, graded amounts of cow manure were 
added to the chick ration to cover the same range of average comb response. 
It will be seen that over the range of 50 gm. to 200 gm. cow manure per kg. 
feed, the average comb weight compares with the effect of 10 to 30 mg. of 
methyl testosterone per kg. of feed. In other words, 100 gm. of dry cow 
manure contains the oral equivalent (in chicks) of 20 mg. of methyl testo¬ 
sterone or 5 kg. of cow manure contains the oral equivalent of 1 gm. of 
methyl testosterone. 4 

Since 18 mg. of testosterone acetate per kg. feed produced combs weigh¬ 
ing 649.7 mg. (11) whereas 20 mg. methyl testosterone per kg. of feed in- 

TABLE 3 


Comparison of comb-stimulating properties of dried cow manure and methyl 
testosterone administered orally 


Material 
per kg. feed 

No. of 
chicks 

Average 
body 
weight 
at 28 
days 

Average 

comb 

weight 

Comb 
weight 
100 gm. 
body wt. 

Date of 
experiment 



gm. 

! mg. 



Methyl testosterone 






0.75 mg. 

21 


51.0 


Jan. 

1 .no mg. 

10 

26S.2 

88.0 

32.8 

Jail. 

1.50 mg. (in oil) 

16 

253.4 

56.5 

22.2 

Jan. 

3.00 mg. 

I 22 

264.0 

98.1 

37.1 

Jan. 

6.00 mg. 

17 

261.5 

84.6 

32.3 

Jan. 

10.00 mg. 

20 

239.3 

161.4 

67.4 

Feb. 

20.00 mg. 

19 

208.2 

233.8 

112.3 

Feb. 

30.00 mg. 

21 

234.8 

348.2 

148.3 

Feb. 

30.00 mg. (in oil) 

21 

234.6 

321.3 

136.9 

Feb. 

40.00 mg. 

21 

226.9 

196.7 

86.6 

Feb. 

Coiv manure 






25.0 gm, ( 2.5%) 

10 

319.5 

113.1 

35.3 

Dee. 

50.0 gm. ( 5.0%) 

9 

298.6 

155.0 

51.9 

Dec. 

100.0 gm. (10.0%.) ' 

40 


225.2 


(sec table 2) 

200.0 gm. (20.0%) 

20 

264.5 

386.4 

146.0 

Oct-Dec. 


creased combs to an average of 225.2 mg., it would appear that the methyl 
derivative of testosterone is less effective orally in fowls than the acetate. 

IV. Source of the androgen in cow manure. In the fowl, part if not all 
of the male hormone produced by laying hens which stimulates the growth 
of the comb is believed to be secreted by the medullary part of the ovary 
(3). In the mouse, the secretion of male hormone by the ovaries is stimu¬ 
lated when ovarian grafts are made into the ear (5). Burrill and Greene 
(1) present evidence indicating the secretion of male hormone in the preg¬ 
nant and lactating rat. In man, both normal male and female urine con¬ 
tains considerable amounts of both estrogens and androgens. 

In cattle, the male hormone was observed to be excreted in small amounts 
in the urine of the bull (7). Little has been reported on androgn content 
of cow urine. The observations presented in this paper indicating the 
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presence of considerable amounts of androgens in the feces of lactating cat¬ 
tle raise the question as to the source of the male hormone and the part of 
the digestive tract where the androgen is passed into the contents of the 
tract. In addition to the ovaries, it is well established that the adrenal 
glands may under certain conditions secrete male hormone. 

As might be expected, it has been reported that androgens are not 
present in dried rumen contents (4). From our knowledge of the metabol¬ 
ism of other hormones, the liver might be expected to play a role in the 
elimination of androgen by way of the bile from either the ovaries or ad¬ 
renals, although it is possible that it might be excreted directly by the cells 
lining the digestive tract 

Since milking cows were not available, the entire digestive tracts of two 
Shorthorn type cows were obtained from a local packing house for our pre¬ 
liminary study. The livers and bile were also retained. The rumen con¬ 
tents were each sampled and dried. The contents of the omasum, small in¬ 
testine and large intestine of each cow were combined and dried. The livers 
were dried and ground and the bile mixed with the chick feed and dried. 
The average weight of the combs of the chicks indicated insufficient an¬ 
drogen present to indicate the point in the digestive tract where the prod¬ 
ucts of androgen metabolism were discharged into the digestive tract. 

While the combs of the chicks fed graded amounts of liver were almost 

TABLE 4 


Source of androgen 
(20 chicks in each lot) 


Material 

Amount 

fed 

Average 
body wt. 
chicks at 
28 days 

Average 

comb 

weight 

Comb 

weight 

100 gm. 
body wt. 

Date of 
experiment 



gm. 

mg. 



Cattle 






Rumen content 






Cow T 

10% 

234.7 

72.8 

31.0 

April 

Cow II 

Omasum content, 

10% 

217.7 

48.0 

22.0 

April 

mixed 

Small intestine, 

10% 

233.8 

40.9 

17.4 

April 

mixed 

355 gm. in 

10 kg. 

220.5 

49.3 

22.3 

April 

Large intestine, 





mixed 

10% 

225.2 

38.6 

17.1 

April 

Dried liver 

5% 

275.1 

63.5 

23.0 

April 

t ( a 

10% 

295.6 

74.3 

25.1 

April 

11 a 

15% 

298.0 

75.9 

25.4 

April 

Bile . 

470 ml.* 

276.7 

55.2 

19.9 

April 

Goat rumen . 

10% 

202.1 

45.0 

22.2 

Dec. 

* ‘ urine . 

5876 cc. 
dried in 

233.3 

52.3 

22.4 

April 


10 kg. feed 






# Since no more cattle bile could be obtained, 735 ml. of hog bile was added. 
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double the control comb weight, the fact that their size was not closely 
graded in proportion to liver dosage raises a question as to the significance 
of the greater comb weight. 

This preliminary work clearly indicates the necessity of using lactating 
cows in such a study and to have evidence that the cows being used are dis¬ 
charging normal amounts of androgens in their manure. 

DISCUSSION 

The discovery of the excretion of considerable amounts of androgenic 
hormone in the feces of the lactating dairy cow is of considerable interest 
from several points of view, The use of dried cow manure in the ration of 
chickens and swine as a rich source of B-vitamins with nutritive value com¬ 
parable to an equivalent amount of alfalfa meal raises the question of the 
desirability of utilizing this by-product of dairy farming as a feeding stuff 
rather than as a fertilizer. 

In addition to its nutritive value, dried cow manure is an economical 
source of an orally available androgenic hormone. It has been shown in 
rats that the injection of androgens in suitable amounts stimulates the rate 
of growth (12-13). It is also recognized that this hormone favorably in¬ 
fluences nitrogen metabolism (6). Work in this laboratory indicates that 
the feeding of dried cow manure at suitable levels to chicks from hatching 
time until sexual maturity stimulates the growth of the pullets especially, 
and the age of the onset of egg production was reduced. 

The role of the male hormone in lactating dairy cows is especially in¬ 
triguing. Evidence is constantly increasing indicating that both male and 
female sex hormones are being produced by the endocrine glands of both 
males and females in considerable amounts. It has been demonstrated that 
certain androgenic hormones stimulate the growth of the mammary glands 
experimentally. However, up to the present, time the male hormone has 
not been suggested as playing a dynamic role in either the normal growth of 
the cow’s udder or in the initiation or maintenance of milk secretion. This 
problem deserves serious consideration in the light of the observations re¬ 
ported. 

SUMMARY 

The male hormone (androgen) content of ruminant manure was assayed 
biologically by feeding it as part of the starter ration to groups of White 
Plymouth Rock chicks during a period of 28 days. The average comb 
weight of 40 chicks fed 10 per cent dried manure from lactating cows was 
225.2 mg. in comparison to the comb weight of normal chicks of 61.3 mg. 

Lactating cow manure dried at temperatures ranging from 45° C. to 85.° 
C. by 10 degree intervals gradually declined in androgen potency. Attera- 
peratures of 75° C. and above all biological activity was lost. 

The androgen content of the manure of other ruminants including goats 
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and sheep of both sexes and conditions was either low or absent. The 
manure of dairy bulls showed indications of only small androgen excre¬ 
tion by that route. 

Chicks fed methyl testosterone at the rate of 20 mg. per kg. of feed had 
combs averaging 233.8 mg. This is comparable to the effect of lactating- 
cow manure fed at the 10 per cent level or 100 gm. per kg. of feed. 

The point of entrance of the androgenic hormone into the digestive* 
tract of the cow has not yet been determined. 

REFERENCES 

(1 ) Burrill, M. W., and Greene, R. R. Androgen Production During Pregnancy and 

Lactation in the Rat. Anat. Rec., 83: 209. 1942. 

(2) David, K. ttber den Einfluss dor Saison auf die Empfindlichkeit dcs Hahnen- 

kammes. Acta Brevia Neerl., 8: 133. 1938. 

(3) Domm, L. Y. Precocious Development of Sexual Characters in tho Fowl by 

Homeoplastic Hypophyseal Implants. II. The Female. Soc. Expt. Biol, and 
Mod. Proc., 29: 310. 1931. 

(4) Hammond, J. C. Dried Cow Manure and Dried Rumen Contents as a Partial Sub¬ 

stitute for Alfalfa Leaf Meal. Poultry Sci., 23: 471. 1944. 

(5) Hill, R. T. Ovaries Secrete Male Hormone. Endocrinol., 21: 495-033. 1937. 

(6) Kenyon, A. T., Sandifoud, I., Bryan, A. II., Knowlton, K., \no Koch, F. C. 

The Effect of Testosterone Propionate on Nitrogen, Electrolyte, Water and 
Energy Metabolism in Eunuchoidism. Endocrinol., 23: 135. 1938. 

(7) Koch, F. C. The Male Sex Hormone. Physiol. Rev., 17: 153. 1937. 

(8) McGf.e, L. C. The Effect of the Injection of a Lipoid Fraction of Bull Testicle 

in Capons. Inst. Med. of Chicago Proc.., 6: 242, 1927. 

(9) McGee, L. C., John, M., and Domm, L. The Development of Secondary Sex Char¬ 

acters in Capons by Injections of Extracts of Bull Testes. Amer. Jour. Physiol.. 
87: 406. 1928. 

(10) Retneke, E. P., and Turner, C. W. Seasonal Rhythm in the Thyroid Hormone 

Secretion of the Chick. Poultry Sci., 24: 499. 1945. 

(11) Rtley, G. M., and Hammond, J. C. An Androgenic Substance in Feces from 

Cattle as Demonstrated by Tests on the Chick. Endocrinol., 31: 653. 1942. 

(12) Rubinstein, H. S., and Solomon, M. L. Growth-stimulating Effect of Testo¬ 

sterone Propionate. Soc. Expt. Biol, and Med. Proc., 44: 442. 1940. 

(13) Rubinstein, H. S., and Solomon, M. L. Effect on Body Growth of Small Doses 

of Testosterone Propionate Administered at Different Seasons. Soc. Expt. Biol, 
and Med. Proc., 45: 745. 1940. 

(14) Schultze, A. B., AND Tuuner, C. W. The Determination of the Rate of Thyroxine 

Secretion by Certain Domestic Animals. Mo. Agr. Expt. Sta. Res. Bui. 392. 
1945. 



SOME OBSERVATIONS ON NERVE REGENERATION 
IN THE UDDER 1 

DWIGHT ESPE2 
Iowa State Colli gc, Ames, Iowa 

The theory has been generally accepted that cows “let down” their milk 
as a result of afferent stimuli which originate in the udder. The most 
common of these stimuli are nursing by the calf or milking by hand or 
machine. Ingelbrecht (1), working with rats, claimed that the “letting 
down” of the milk in the mammary gland was dependent upon an intact 
nerve supply, When he destroyed the nerves to the posterior mammary 
glands and covered the anterior glands the rats failed to lactate normally 
and the young soon died. But when he permitted the young rats to nurse 
the glands with an intact nerve supply, every gland secreted milk and the 
rats grew normally. 

Ely and Petersen (2) consider this phenomenon due to a nerve-endocrine 
mechanism rather than to a nervous reflex. They suggest that the afferent 
impulses produced by milking cause the posterior lobe of the pituitary to 
release oxytocin. The oxytocin acts upon the smooth muscle fibers sur¬ 
rounding the alveoli in the mammary gland and forces the milk in the cells 
and lumina of the alveoli into the larger collecting ducts and udder cisterns. 
It is at this particular moment that a cow is said to have “let down” her 
milk. 

If their theory is correct, only the milk in the udder cisterns could be 
obtained from a cow in the absence of this nerve-endocrine stimulus. Al¬ 
though a cow may be so conditioned to milking that various afferent stimuli 
cause her to “let down” her milk, the nursing of the calf or the massaging 
of the udder in milking should be the primary stimuli. Ely and Petersen 
(2) found that cutting the inguinal nerve on three dry cows had no effect 
on milk secretion when the cows freshened about two months later. This 
procedure should have eliminated any direct effect of the nerves on the 
musculature of the udder, unless nerve-regeneration occurred. But cutting 
of the inguinal nerve does not interfere with the sensory nerve supply to the 
skin of the udder. 

EXPERIMENTAL 

In order to destroy all nerve pathways to the mammary gland, an udder 
transplant was made on a Holstein calf when she was about six weeks of age. 
The mammary glands were dissected free of the body except for one exter- 
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nal pudic artery which was left intact. The dissected glands were turned 
around so that the rear teats faced anteriorly, and the udder was then sewed 
back into place. After the skin lesions had healed a second incision was 
made on the right side of the glandular area and the external pudic artery 
which had previously been left intact, was ligated. 

The heifer was bred at as early an age as possible. She freshened when 
less than 22 months of age. This may help to explain why she failed to 
clean normally and why she was rather slow in coming to her milk. How¬ 
ever, she was able to provide sufficient milk for her calf and another calf 
which nursed her. Although the udder presented a most unusual appear- 



Fig. 1. Cow whose udder was reversed and all norves and blood vessels ligated. 


ance the day after parturition (fig. 1), its development during pregnancy 
seemed quite normal. One month after freshening the calves were weighed 
before and after nursing (twice a day) for three days. By this method of 
calculation it was found that she was producing 23$ pounds of milk per day, 
in spite of the fact that the right rear gland (as now attached) gave almost 
no milk. Bacteriological examination showed that the gland was badly 
infected with mastitis. Except for this quarter the mammary glands pro¬ 
duced an apparently normal secretion. Treatment with penicillin failed to 
return the diseased gland to the same production as the left rear quarter. 

An electrical current from a secondary coil was used to determine the 
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sensitivity of the udder to external stimuli. Although the left side of the 
udder did not seem quite as sensitive as the skin above the incision there 
was no point on the left half of the udder when the electrical current did 
not cause the cow to jump. The entire right half of the udder was devoid 
of a sensory nerve supply. The only explanation the author has for this 
discrepancy in nerve supply between the two halves of the udder is that the 
regenerating nerves were destroyed on the right side of the udder when the 
second incision was made. However, if this rxplanation were valid, it seems 
strange that the anterior and posterior surfaces of the right half of the udder 
(where only the one incision was made) would be as devoid of a sensory 
nerve supply as the area immediately below the second incision. Every 
effort was made to ligate all of the mammary tissue during the two opera¬ 
tions, yet it is conceivable that this was not done. Failure to completely 
sever all of the nerves seems a more probable explanation, especially since 


TABLE 1 

Milk obtained from transplanted udder 


Quarter 

Amount of milk obtained 
in first 4 minutes 
of milking 

Amount of milk obtained 
in last 2 minutes 
of milking 


pounds 

pounds 

Right front . 

1.5* 

0.71 

Right rear 

Not used because of mastitis 


Left front 

3.2 

0.4 

Left rear 

2.8 

0.5 


* Before any known afferent stimuli had caused the cow to “let down * 7 her milk, 
t After the calves have nursed for 2 minutes the glands with an afferent nerve supply 
(left front and left rear). 


electrical stimuli when applied to the left side of the udder caused the cow 
to kick with her right foot. 

Since this cow had never been milked by hand there should have been a 
minimum amount of interfering conditioned reflexes established. A milking 
machine with one teat cup was used for these experiments. The cow was 
locked in her stanchion in a box stall at the time when the calves regularly 
nursed. Instead of allowing the calves to nurse, the experimenter would 
curry the cow for a couple of minutes to secure her confidence. The milking 
machine was then attached as quietly as possible. After four minutes, the 
milking machine was removed and the calves allowed to nurse all but the 
gland under observation. When the calves had nursed for approximately 
two minutes, the milking machine was again attached to the gland under 
observation and milking was continued for another two minutes. The results 
are given in table 1. 

The results presented in table 1 are too meager to offer conclusive evi¬ 
dence. Certainly the glands which have an intact nerve supply were emptied 
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much more quickly thau the one “normal” gland without an afferent nerve 
supply. The reader may wonder why approximately 1J pounds of milk 
were secured from the right front gland before the nursing of the calves 
provided the essential nerve-cndocrine stimulus suggested by Ely and Peter¬ 
sen. Certainly this amount of milk was not already present in the gland and 
teat cistern. Although no definite readings were made, the milker is positive 
that a goodly proportion of this milk was obtained during the last half of 
the four-minute milking period. The only explanation the author can sug¬ 
gest is that the emptying of the udder provided a certain indirect stimulus. 
Although a half-ineli spark to the end of the right front teat elicited no 
response from the cow, before the four-minute milking interval was com¬ 
pleted she manifested a certain awareness to the action of the machine. This 
was especially noticeable when the milking machine was removed. 

summary 

The mammary tissue of a calf was transplanted so as to sever all of the 
original nerve and vascular supply between the body and mammary glands. 
Normal development of the udder occurred during pregnancy with the 
exception of the right half of the udder which had no sensory nerve supply. 
A simple experiment on the nerve-free gland has helped to confirm the theory 
of Ely and Petersen in regard to the functioning of a nerve-endocrine mecha¬ 
nism in the “letting down” of the milk. 
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PEPTIC-TRYPTIC DIGESTION OP RENNET-CUSTARDS IN VITRO 

BERNHARD SPUR and IRVING J. WOLMAN 
Milk Research Laboratory, The Children \s* Hospital of Philadelphia, Philadelphia, Pa . 

The present paper describes further studies in which plain and rennin- 
treated milks (rennet-custards) were first digested artificially by pepsin- 
hydrochloric acid mixtures, and then exposed to additional digestion by 
synthetic mixtures of pancreatin and bile. 

The possibility that cow’s milk can be made more easily digestible by 
exposure to enzymes, such as the rennet enzyme, prior to ingestion, has not 
been adeqmilely explored. Both Doan and Dizikes (2) and Turner (5) have 
observed that milk previously exposed to tryptic (pancreatin) digestion in 
vitro for a short period became broken down more quickly than ordinary 
milk. Actual feeding of infants with enzyme-treated milks has been earned 
out by Blatt (1), who stated that such treated milk proved easily digestible, 
well tolerated and well utilized, even by premature infants. 

The influence of added rennin upon curd-forming properties and peptic 
digestion of milk has already been discussed in a previous publication (4). 
This study showed that when rennet-custards were exposed to conditions of 
hydrochloric acid and pepsin resembling those in the normal stomach, they 
underwent proteolysis more rapidly than untreated milks used as controls. 
However, the degree of proteolysis as measured by the amount of casein 
made soluble in the whey filtrate was relatively small. Evidently, gastric 
digestion of milk is only preparatory to the major digestive activity of the 
small intestine. 

PROCEDURE 

In the experiments here reported, the artificial coagulation device (3) 
and the artificial digestion procedures (4) were the same as already de¬ 
scribed. The rennet-custards were prepared as follows: Lukewarm pasteur¬ 
ized milk was mixed with the rennet preparation undergoing tesl, and 100-ml. 
portions of the mixture poured promptly into the rubber bags in the coagu¬ 
lation device. These stood motionless in the water bath at a temperature of 
37° C. for 5 minutes, during which time the coagulation into rennet-custards 
took place. Lukewarm control milks, without rennet, were added to similar 
bags at this time. 

The apparatus was next set in motion. One ml. of a 0.6 per cent pepsin 
solution containing sufficient N/l hydrochloric acid to lower the pH to 5.5 
was then added to each bag. (The pH of 5.5 reproduces the approximate 
hydrogen ion concentration at which milk normally coagulates in the child’s 
stomach (6).) After the control milks had coagulated, the apparatus was 
then agitated for one-half hour. Two ml. of the pepsin solution and sufficient 
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additional hydrochloric acid to bring the mixture to the desired pH were 
next mixed in each bag and the agitation permitted to continue for hours 
longer. 

The rennet-custards and the control milks were handled in the same way. 
When rennet tablets 1 were used, the controls had the same amount of water 
added as did the rennet-custards, omitting the dissolved tablet; when rennet 
powder 1 was used, all ingredients of the powder, except the rennin itself, 
were added to the control milks. 

The next step was digestion by pancreatin-bile solutions of varying 
strengths. After exposure of the milk to the pepsin-hydrochloric acid 
activity for 3 hours, the pH was raised to 7.5 by a strong sodium hydroxide 
solution, a solution of pancreatin-bile was mixed in, and the digestion con¬ 
tinued for 2 hours more. During this period representative samples were 
removed at 20,60, and 120 minutes. The digestion experiments were grouped 
into three series, according to the concentrations of pepsin-hydrochloric acid 
and pancreatin-bile used (table 1). In the first series, 3 ml. of 0.6 per cent 
pepsin solution, together with sufficient hydrochloric acid to produce a pH 
of 2.5, were mixed with 100 ml. milk. In the second series, 1 ml. of 0.6 per 
cent pepsin solution, together with sufficient hydrochloric acid to produce a 
pH of 3.5, were added. In the third series, 0.5 ml. of 0.6 per cent pepsin 
solution, together with sufficient hydrochloric acid to produce a pH of 5.5, 
were added. Thus, the concentration of pepsin in the second series was one- 
third, and in the third series, one-sixth of that in the first series. 

The pancreatin-bile consisted of a solution of 3 gm. pancreatin powder 
(U.S.P. XII) plus 3 gm. bile powder (Bacto lactose peptone bile, dehydrated) 
in 100 ml. water. Of this solution 3 ml. were added to each experimental 
specimen in the first series, 1.5 ml. to each in the second series, and 0.5 ml. 
to each in the third series. Enough sodium hydroxide was introduced along 
with the pancreatin-bile mixture to keep the pH constantly at 7.5, corre¬ 
sponding to the hydrogen ion status of the upper part of the resting small 
intestine. For purposes of convenience, the three procedures have been 
designated as “stronger,” “intermediate,” and “weaker” peptic-tryptic 
digestion. 

The amount of soluble nitrogen in the filtered whey was measured by the 
macro Kjeldahl method. The amount of soluble nitrogen in the blank test, 
i.e„ in the milk itself prior to any of the digestive manipulations, was sub- 

1 The rennet preparations used to make rennet-custard were: Household rennet 
tablets, composed of powdered rennet—2.84% and table salt—97.17% (one 0.55 gm. 
tablet per 500 ml. milk). Ecnnet powder, containing salt with added sugar and vanilla 
flavor, and composed of sugar 98.59%, salt—1.37% and rennin—0.04% (45 gm. of powder 
per 500 ml. milk). Each preparation contained sufficient rennin to coagulate 500 ml. 
milk in 2$ minutes at 110° P. 

The tablets and powder were secured from Chr. Hansen’s Laboratory, Inc., Little 
Falls, N. Y. 
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TABLE 1 



Pepsin-HCl 

mixture 

pH 

Pancreatin- 
bile mixture 

pH 



co. 


cc. 


1 . 

“Stronger” peptic-tryptic digestion 

3.0 

2.5 

3.0 

7.5 

2. 

“Intermediate” “ “ 

1.0 

3.5 

1,5 

7.5 

3. 

“Weaker” “ “ 

0.5 

5.5 

0.5 | 

7.5 


tracted, and the difference taken as indicative of the rate of digestion at the 
end of the subsequent pancreatin-bile digestion. To measure the extent of 
trypsin digestion of casein, the methdd of the U. S. Pharmacopoeia (XII) 
was used. A few ml. of a specially prepared acetic acid-alcohol solution were 
added to the samples just before filtering. This solution precipitates that 
fraction of the casein which has become soluble but not yet fully broken 
down. 

RESULTS 

The mixtures of pepsin-hydrochloric acid and pancreatin-bile used in 
these experiments are believed to simulate the conditions prevailing in the 
stomach and small intestine of children at successive stages of growth. The 
exact amounts of the several components which would enter into the actual 
digestion of 100 ml. of milk are not precisely known, of course. The results 
of this study are to be viewed as comparative rather than absolute; they 



BLANK 2*0 20 60 60 120 120 

TIME IN MINUTES 


Fig. 1. Peptic-tryptic digestion of rennet-custard milks compared with pasteurized 
milks as controls. (Group 1 of the experiments, greatest amount of pepsin-hydrochloric 
acid and pancreatin-bile.) The pH in peptic digestion; 2.5; pH in tryptic digestion: 7.5; 
amount of pepsin used: 3 ml. 0.6% pepsin solution to 100 ml. milk; amount of trypsin 
(pancreatin-bile) used: 3 ml. of 3% solution of pancreatin-bile. (Average of 4-experi- 
ment series.) M = milk controls; RT = rennet-custard made with tablets; RP = rennet- 
custard made with powder. 
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serve for contrasting the breakdown rates of rennet-custards versus controls 
of untreated milk under a certain set of conditions, even though these con¬ 
ditions may not simulate exactly the conditions in the living body. 

In the pepsin-hydrochloric acid digestion phase the rennet-custards pro¬ 
duce curds which are smaller than those of the controls. These curd size 
differences may influence the digestion rates (4). In the later pancrcatin- 
bile digestion, the coagula liquefy quickly and disappear. Only when the 
pepsin-hydrochloric acid and the pancreatin-bile preparations were both of 
low potency did curds of considerable size persist to the end of the process. 
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Fig. 2. Peptic-tryptie digestion of rennct-custards compared with pasteurized market 
milks as controls. (Group 3 of the experiments, smallest amount of pepsin-hydrochloric 
acid and pancreatin-bile.) The pH in peptic digestion: 5.5. Amount of pepsin 1, and of 
hydrochloric acid, J of amount used in group 1. Amount of (trypsin) pancreatin-bile: 
I of amount used in group 1. (Average values from 6-experiment series.) M = milk 
controls j RT — rennet-custard mado with tablets; RP — renent-custard made with powder. 


Here, as with the pepsin-hydrochloric acid digestions, the curds from rennet- 
custards were smaller than those from the control milks. 

With the “stronger” pep tic-tryptic procedure, the difference between 
the rennet-custards and their controls was negligible (fig. 1, table 2). 

With the “weaker” peptic-tryptic procedure, the rennet-custards as 
made with the two preparations of enzyme lead with a slight margin over 
the controls (fig. 2, table 3). The pepsin-hydrochloric'acid phase of the 
digestion presented approximately the same relative picture, but of course 
with less total digestion, since the hydrogen ion concentration (pH 5.5) 
practically excluded any peptic activity. 

With the “intermediate” peptic-tryptic procedure, the rennet-custards 
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TABLE 2 

Pepsin-trypsin digestion in vitro 
Group 1 

Gastric digestion: 3 ml. pepsin solution (0.6%) pH: 2.5 

Tryptic ft : 3 ml. (trypsin) pancreatin-bile solution (3%) pH: 7.5 
Average from 4-experiment series 


Milk 

Digestion 

time 

Sol. N in 
whey from 
100 ml. of 
milk 

Increase of 
sol. N in 
whey from 
100 ml. of 
milk 

, Difference 

% 

Casein 

made 

sol. 

Diff. 


min . 



• 



Blank test 


0.1390 





Control 1 

20 

0.4231 

0.2841 


73 


#i 

20 

0.4231 

0.2841 

0.0000 

73 

0 

Control 3 

20 

0.4054 

0.2664 


68 


#3 

20 

0.4165 

0.2775 

0.0111 

71 

3 

Control 1 

60 

0.4512 

0.3122 


80 


#1 

60 

0.4563 

0.3173 

0.0051 

81 

1 

Control 3 

60 

0.4435 

0.3045 


79 


#3 

60 

0.4512 

0.3122 

0.0077 

80 

1 

Control 1 

120 

0.4850 

0.3460 


89 


#1 

320 

0.4824 

0.3434 

0.0026 

88 

* 1 

Control 3 

120 

0.4645 

0.3255 


84 


#3 

120 

0.4768 

0.3378 

0.0123 

87 

3 

Genuine milk 

I 

0.5289 






TABLE 3 

Pepsin trypsin digestion in vitro 
Group 3 

Gastric digestion: 0,5 ml. pepsin solution (0.6%) pF: 5.5 

Tryptic “ : 0.5 ml. (trypsin) pancrcatin-bile solution (3%) rd: 7.5 

Average from 6-experiment series 


Milk 

Digestion 

time 

Sol. N in 
whey from 
100 ml. of 
milk 

Increase of 
sol. N in 
whey from 
100 ml. of 
milk 

Difference 

% Casein 
made 
i sol. 

Diff. 


min. 






Blank test. 


0.1337 





Control 1 ... . 

20 

0.1771 

0.0434 


11 


#i 

20 

0.1979 

0.0642 

0.0208 

17 

6 

Control 3 . 

20 

0.1685 

0.0348 


9 


#3 . 

20 

0.1815 

0.0478 

0.0130 

13 

4 

Control 1 . 

60 

0.1936 

0.0599 


16 


#1. 

60 

0.2160 

0.0823 

0.0224 

22 

6 

Control 3 . 

60 

0.1887 

0.0550 


15 


#3 . .... 

60 

0.1946 

0.0609 

0.0059 

16 

1 

Control 1 . .. 

120 

0.2338 

0.1001 


26 


#1 . 

120 

0.2483 

0.1146 

0.0145 

30 

4 

Control 3. 

120 

0.2226 

0.0889 


24 


#3 . 

120 

0.2324 

0.0987 

0.0098 

26 

2 

Genuine milk ... 

. 

0.5126 
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TIME IN MINUTE5 


Fig. 3. Peptic-tryptic digestion of rennet-custard milks compared with pasteurized 
market milks as controls. (Group 2 of the experiments, intermediate conditions.) The 
pH in peptic digestion: 3.5. Amount of pepsin : and of hydrochloric acid: £ of amount 
used in group 1. Amount of pancreatin-bile (trypsin): A of amount used in group 1. 
(Average values from 30-experimcnt series.) M = milk controls; RT = rennet-custard made 
with tablets; RP = rennet-custard made with powder. 


showed more casein digestion than the controls; this was appreciable at 20 
and 60 minutes, but less striking at 120 minutes (fig. 3, table 4). 

TABLE 4 

Pepsin-trypsin digestion in vitro 
Group 2 

Gastric digestion: 1 ml. pepsin solution (0.6%) pll: 3.5 

Tryptic “ : 1.5 ml. (trypsin) pancreatin-bile solution (3%) pH: 7.5 

Average from 80-expcrimcnt series 


Milk 

Digestion 

time 

Sol. N in 
whey from 
100 ml. of 
milk 

Increase of 
sol. N in 
whey from 
100 ml. of 
milk 

Difference 

% Casein 
made 
sol. 

Diff. 


min . 






Blank test . 


0.1307 





Control 1 

20 

0.3030 

0.1723 


45 


#i 

20 

0.3717 

0.2410 

0.0687 

63 

18 

Control 3 . . 

20 

0.2580 

0.1273 


33 


#3 

20 

0.3145 

0.1838 

0.0565 

48 

15 

Control 1 .. 

60 

0.3382 

0.2075 


54 


#1 . 

60 

0.4188 

0.2881 

0.0806 

76 

22 

Control 3 . 

60 

0.2954 

0.1643 


43 


#3. 

60 

0.3633 

0.2326 

0.0083 

61 

18 

Control 1 . 

120 

0.4061 

0.2754 


72 


#1 . 

120 

0.4398 


0.0337 

81 

* 9 

Control 3 .. .. 

120 

0.3633 

0.2326 


61 


#3 .. 


! 0.3971 

0.2664 

0.0338 


9 

uenuine milk .. 

j 120 

0.5117 


. „ ! 

1 70 
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The greater relative degree of breakdown of rennet-custards in contrast 
to their controls of untreated milk in some of these experiments suggests that 
rennin facilitates in one way or another—perhaps by opening up some pep¬ 
tide bindings—the peptic-hydrochloric acid activity. The greatest differ¬ 
ences between rennet-custards and controls did not appear when the peptic 
and tryptic activities were strongest, as in group #1 (although this group 
of course showed the largest total breakdown of casein for both), or when 
peptic and tryptic activities were weak, as in group #3, but when the peptic 
and tryptic activities were moderate, as in group #2. If it is permissible 
to draw a clinical parallel, then this enhanced rate of digestion of rennet- 
custards seemingly would take place under corresponding conditions in the 
human body also. 


SUMMARY AND CONCLUSIONS 

Rennet-custards and ordinary untreated milks were subjected to experi¬ 
mental study in vitro to investigate the possible influence of rennin upon 
digestibility. The degree of digestibility was measured by the amount of 
soluble nitrogen which appeared in the whey after the milks had been ex¬ 
posed to pepsin-hydrochloric acid (peptic) digestion followed by pancreatin- 
bile (tryptic) digestion. 

Different combinations were investigated. When strong peptic digestion 
was followed by strong tryptic digestion, practically no differences between 
the two types of milk were detectable. The same result was obtained when 
both peptic and tryptic activity were markedly reduced. Under intermedi¬ 
ate digestive conditions, however, faster digestion of the rennet-custards was 
noticeable. For example, after the first 60 minutes of tryptic digestion, an 
average of 18 per cent more casein was digested in the rennet-custards than 
in the controls. This difference became less marked after 2 hours of digestion. 

It may be concluded, therefore, that under certain experimental condi¬ 
tions, rennin treatment of milk speeds up digestion. It seems likely that a 
similar effect would take place in vivo under corresponding conditions. 
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BEST RECORDS VS. THE AVERAGE OF ALL RECORDS FOR 
THE EVALUATION OF A SIRE’S INHERITANCE 
FOR LEVEL OF PRODUCTION 

R. R. GRAVES* 

Most of the published data on which sires are proved is on the basis of 
averages of all records made by daughters and their dams. The sires proved 
in the dairy herd improvement associations, and probably in the herd 
tests of the breed associations, are on the basis of the averages of all the 
records made by the daughters and by their dams. Probably this use of the 
average of all records stems from the belief that a cow that has made several 
records has given better proof of her producing ability than the cow that 
has made only one record; that an average of a number of records is a 
better indication of the cow’s real producing ability than one record; that 
some cows are primed for one big record and that such a record is far above 
her ability to produce year in and year out. The publicity that has been 
given to the cows making big lifetime records has probably added to the 
belief that the average of all records is the best medium to use for evaluating 
the inheritance of a sire. Most of the proof for sires is on young sires and 
consequently the averages usually represent a far greater number of records 
for the dams than for the daughters. Not infrequently the daughters may 
average only one record apiece while the average number for the dams may 
be for from 1 to 6 or more records. 

In studying Ihe proof on a large number of sires being considered for 
use in the Bureau of Dairy Industry’s experimental breeding herds, we 
have been impressed with the number of sires that show up very favorably 
when their proof is based on the averages of several records for the dams 
and only one or two records for the daughters, and that show up very poorly 
when the proof is based on the best record made by the daughter and the 
best record made by the dam. 

This is illustrated by the proof obtained on 16 sires loaned to cooperators 
by the Huntley Experiment Station. The data for these 16 sires are shown 
in table 1 and so arranged that a comparison is available of the average 
butterfat yields of the daughters, and their dams, for each sire, on the basis 
of both the averages of their best records and the averages of all their rec¬ 
ords. The number of daughter-dam pairs for each sire; the number of 
daughters that made records that were better than those of their dams, in 
the comparison of the best, records; the number of records made by the 
• Received for publication September 21,1946. 

i Formerly Chief, Division of Dairy Cattle Breeding, Feeding and Management In¬ 
vestigations, Bureau of Dairy Industry, TJ.S.D.A.; now President, Wood-Jon Farms, Inc., 
Valparaiso, Ind. 
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TABLE 1 


Comparison of the best records and the average of all records of the daughter-dam pairs 
of 16 bulls from the Huntley Experiment Station 


Sire 

number 

Best records 

All records average 

Number 
of pairs 

Drs. 
ave. fat. 

Dams 
ave. fat. 

I 

Number 

better 

Number 

of 

records 

Drs. 
ave. fat 

Dams 
ave. fat 

Number 

better 

191 

29 

654 

620 

18 

49-52 

631 

596 

17 

193 

16 

416 

357 

13 

24-18 

395 

355 

11 

194 

5 

413 

459 

2 

5-18 

413 

406 

3 

195 

14 

744 

675 

8 

19-26 

734 ! 

650 

11 

199 

6 

407 

416 

4 

6-16 

407 

377 

4 

505 

10 

350 

398 

1 

10-32 

350 

353 

4 

503 

16 

487 

451 

8 

25-63 

465 

422 

8 

506 

13 

446 

507 

4 

24-66 

424 

418 

7 

508 

11 

511 

530 

4 

18-50 

484 

450 

7 

510 

7 

404 

408 

5 

7-8 

404 

406 

5 

517 

6 

421 

432 

3 

8-17 

415 

392 

4 

520 

7 

386 

384 

5 

7-25 

386 

324 

5 

521 

6 

376 

454 

0 

6-20 

376 

385 

3 

523 

5 

288 

347 

1 

5-20 

288 1 

286 

2 

528 

7 

717 

579 

5 

8-8 

704 

578 

5 

531 

6 

452 

470 

3 

6-32 

452 

419 

4 


daughters and by the dams in the comparison of the averages of all records; 
and the number of daughters whose average of all their records was greater 
than the average for all the dams’ records, is also shown in table 1. For 
instance, sire 191 has 29 daughter-dam pairs but in the comparison of aver¬ 
ages of all records the daughters have 49 records and the dams have 52 rec¬ 
ords, the number of records by daughters and dams being approximately 
equal. Sire 503 has 16 daughter-dam pairs, and in the comparison based 

TABLE 2 


The per cent increases and the sire indexes, calculated from the best record , and also 
from the average of all records , as given in table 1 


Sire 

Per cent incroase 
on best records 

Bull index best 
records 

Per centenerease 
all records 

Bull index on all 
records 

191 

4- 3.5 

684 

+ 5.9 

666 

193 

+16.5 

475 

+ 11.2 

435 

194 


367 

+ 1.7 

420 

195 

+ 10.2 

813 

+ 12.9 

818 

199 

- 2.1 

398 

+ 7.9 

437 

505 

-12.1 


- 0.8 

347 

503 


523 

+ 10.2 

508 

506 


385 

+ 1.4 

430 

508 

- 3.6 

492 

+ 7.6 

518 




- 0.5 

402 

517 

- 2.4 


+ 5.9 

438 

520 


388 

+ 19.1 

448 

521 

-17.2 

298 

- 2.2 

367 

523 


229 

+ 0.7 

290 

528 

+ 23.8 

855 

+ 21.8 

830 


- 3.8 

434 

+ 8.8 

485 

Average 16 

- 1.22 

465.7 

+ 6.66 

490.0 
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on averages of all records the daughters have a little less than two records 
per daughter, while the dams have almost four records per dam. In the 
case of sire 506 the dams average five records per dam. In the comparison 
for sire 531 the daughters average one record apiece and the dams average 
a little better than five records per dam. 

The first 11 sires in table 1 are all sons of one sire; the last five are all 
sons of another sire. 

In table 2, the data in table 1 are used to Chow the per cent increase in 
butterfat yield when the best records of daughters and dams are compared, 
and an equal parent sire index is calculated from the same data. The per 
cent increase in butterfat yield and an equal parent sire index is also shown 
for the daia based on the average of all records made by daughters and 
dams. In general the data in table 2 indicate that where the number of 
records of the dams greatly exceeds the number of records of the daughters, 
in the comparison based on averages of all records, the per cent increase of 
the daughters over the dams and also the sire index will be much greater 
than the per cent increase, and the sire index, for these same animals when 
the comparison is based on the best records of the daughters and the dams. 
Note the occurrence of these increases in sires 194, 199, 505, 506, 508, 517, 
520, 521, 523 and 531. There are two exceptions, namely, sire 195, where the 
dams have 26 records and the daughters 19 and the per cent increase is only 
2.7 and the sire index is raised only 5 pounds; and 503, where the 16 dams 
have 63 records and the 16 daughters 25 records, and the per cent increase 
is 2.2 and the sire index is decreased 15 pounds. The case of 503 is most 
unusual 

The reverse of this trend would be expected where the daughters have a 
greater number of records than the dams. Only one sire, 193, illustrates 
this. He has 16 daughters with 24 records and the 16 dams have only 18 
records, and table 2 shows that the per cent increase and the sire index based 
on the average of all records is smaller than the per cent increase and the 
sire index that is based on the comparison of the best records of the daugh¬ 
ters and the dams. 

If there is no great difference in the number of records of the daughters 
and dams, and if all the records are made under the same conditions there 
will be no great difference in the per cent increase and the sire index secured 
by the two methods of comparison. 

This trend is probably the result of the fact that where a cow is tested 
year after year she is almost certain to have some bad years when her pro¬ 
duction will be below her best, and these poor years will reduce her average 
yield. These poor years are not necessarily due to a poor inheritance. They 
may be due to her having been bred too soon after calving; to an attack of 
mastitis; to bloat or poor hay or failure to clean properly after calving, or 
any one of a dozen different things that may result in her failure to produce 
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up to her inherent capacity. On the other hand the two-year-old daughters 
are more likely to be sound in their first lactation periods than at any other 
time in their lives, and barring lack of development or the possession of an 
inheritance for slow maturity, they are likely to produce at as high a level 
in their first lactation period—age considered—as in any subsequent lacta¬ 
tion. Therefore, if the proof of a bull is based on the average production 
of his daughters in their first lactation periods as compared to an average 
for all the records made by their dams, that comparison is likely to be unduly 
favorable to the sire. It is a much more stringent test for the sire to base 
his proof on the best records made by his daughters as compared to the best 
records made by their dams. 

summary and conclusions 

Daughter-dam comparisons for 16 sires are made, one comparison on the 
basis of the best records made by the daughters and the best records made 
by the dams, and a second comparison on the basis of the average for all 
records made by the daughters and all records made by their dams. 

The per cent increase in butterfat yield and an equal parent sire index 
is shown for each sire and for each of the t\vo comparisons. 

When the number of records averaged for the dams is larger than the 
number of records averaged for the daughters the comparison based on aver¬ 
ages is more likely to be unduly favorable to the sire than is the comparison 
based on the best record made by the daughters and the dams. This is due 
to the fact that any cow that has a number of records is likely to have some 
lactations when her production is below her best level and these low years 
reduce her average yield. The comparison is likely to be particularly favor¬ 
able to the sire if his daughters’ first records, made under favorable condi¬ 
tions, are compared to an average of several records made by the dams. 

The comparison of the best records of the daughters and the best records 
of the dams is a much more rigorous test for the evaluation of the sire’s 
inheritance for level of production. There will be fewer disappointments 
where sires are being selected for the improvement of germ plasm for high 
levels of production if they are selected on the basis of the best records 
rather than on the basis of the average of all records. 



THE RELATION OF INCLINATION OF RUMP TO INCLINATION 
OF UDDER, PRODUCTION ABILITY AND 
BREEDING EFFICIENCY 1 

R. E. LEIGHTON* 

Superintendent of the United States Dairy Experiment Station at Woodward, Oklahoma* 

and R. R. GRAVES 

Formerly Head, Division Dairy Cattle Breeding, Feeding and Management; 
now President, Wood Jon Farms , Inc., Vaparaiso, Indiana 

In many cows the pin bones are lower than the hip bones, resulting in 
what is commonly called a “sloping rump”. Perhaps the frequency of the 
sloping rump is decreasing somewhat. Certainly most breeders have dis¬ 
criminated against the sloping rump in their selection of breeding animals. 
Man’s idea of beauty in.the bovine long ago insisted that the rump should 
be level, in spite of the fact that most species of animals possess sloping 
rumps. Note the rarity of the level rump in the animals in the zoo or in 
the wild. Probably because the level rump was associated in man’s mind 
with beauty, there have been developed over a period of years opinions that 
there are certain associated defects that are likely to accompany the undesir¬ 
able sloping rump, some of them of economic importance. One such defect 
that received emphasis w r as that if the rump slopes the floor of the udder will 
be tilted because the floor of the udder parallels the rump, with a likelihood 
of the fore quarters being undeveloped. The following quotation from Van 
Pelt’s Cow Demonstration emphasizes this idea. 

Many cows, though long in the rump, droop from the hip bones to the pin bones and 
are described by the expression “Drooping rumped." This conformation not only de¬ 
tracts from the beauty of the cow but as a rule those cows which droop at the rump, also 
have tilted or slanting udders a portion of which seems to have been cut away and this 
naturally detracts from the ability of the cow. 

On the other hand those cows which carry out straight from the hip bones to the pin 
bones have udders that are straight on the bottom, symmetrical and carry well forward 
with each quarter large and uniform in size. The fact that the length of udder can be 
determined by the length from hip bones to the pin bone, and the shape of the udder by 
the manner in which the rump is carried out, is likely due to the law of correlation of 
parts which enables the anatomist when he finds a bone to determine from its dimensions 
the dimensions of every other bone in the animal's body from which it came. 

Few, if any, of these opinions have been checked by recorded observa¬ 
tions and statistical analysis. There existed in the files of the United States 

Received for publication September 21, 1946. 

1 The original data used in this paper were in a thesis submitted to the Graduate 
School of the Oklahoma Agricultural and Mechanical College in partial fulfillment for 
the degree of Master of Science by R. E. Leighton. This paper presents a new analysis 
of the original data and some new material. 

* The work at this station is in cooperation with the Oklahoma A. & M. College. 

* Now Superintendent, Hatch Expt. Sta., Hannibal, Mo. 
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Dairy Experiment Stations, where breeding experiments have been carried 
on over a period of years, carefully made photographic records of the types 
of the a nimals that have constituted several generations of planned breeding 
that could be analyzed for the purpose of determining the relation of the 
angle of the rump to other body characteristics and functions. The material 
for this study has been confined to the records that were available at the 
Woodward, Oklahoma, Station. 


PROCEDURE 

A series of more than 500 photographs of 155 Holstein-Friesian females 
in the herd of the U. S. Dairy Experiment Station at Woodward were made 
in connection with the inheritance investigations in progress at that sta¬ 
tion over a period of some 15 years. All females except those that die or 
become non-breeders are kept in the herd until they have completed at least 
one 365-day lactation record on official test. The size of the herd that can 
be maintained at the station is limited by both facilities for handling and 
funds. These factors have made it necessary to dispose of many of the 
animals by the time they are 5 years of age. Consequently the animals 
studied in this project were largely young cows, and they constitute an 
unselected cow population. 

Each cow was photographed each year by a method that made all photo¬ 
graphs comparable in scale and detail. The animals were posed on a level 
track, squarely in front of the camera which was mounted on a fixed post 
at a distance of 28 feet. No attempt was made to pose the animals so as to 
cover up defects; but a standardized position was used 'that was designed to 
show the actual conformation to the greatest possible extent. The same 
experienced photographer made and developed all of the pictures and the 
same camera and lens were used for the entire period. The prints were 
5 by 7 inches in size and clear in detail. Legends were placed on the pic¬ 
tures when made. As the photographs were all made in the fall of the year 
it was not possible to get pictures of all of the animals when at the same stage 
of lactation. 

In order to measure the angle of inclination or slope of the rump and 
udder a base line was established by drawing a line through the extreme 
upper attachment of the dew-claws on the front and rear legs nearest the 
camera. Since the cows were standing directly in front of the cam era and 
on a level track, this proved a satisfactory line from which to measure the 
angles. To obtain the angle for ihe rump slope, a line was drawn through 
points at the dorsal extremity of the hip bone (tuber coxae) and the dorsal 
extremity of the pinbone (tuber ischii). The angle formed by the inter¬ 
section of this line with the base line, or a line parallel to the base line, was 
measured with a protractor. To measure the udder slope, a line was drawn 
through the points where the front portion of the front teat and the front 
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portion of the rear teat join the udder. The line was extended until it inter¬ 
sected the base line and the angle formed was measured with a protractor. 
If it was evident that the pose of an animal was unnatural the measure¬ 
ments for that animal were discarded. If the udder was not lactating or if 
it appeared to be abnormal, the udder measurements were not used. The 
photographs were measured during the winter of 1940 by R. E. Leighton 
and, as a check, a number were measured again a year later. In all cases 
the rump tdope readings were the same, but in a few cases there was as much 
as one degree variation in the udder slope readings. 

The last animal photographs were made in 1938. In 1941 and 1942 mea¬ 
surements were made with a clinometer of the angle of the rump of 17 living 

TABLE 1 

A comparison of the degree of inclination of rump as taken from photographs and as 

secured from living animals 


Age of animal—years 


Cow 

number 


2 

3 

4 

5 

6 

7 

8 


Degree of inclination 

W-212 

7 

11 

32 

35 

10 


(10) 

(ID 

W-223 

12 

11 

32 

12 



(12) 

(11) 

W-23 r> 

11 

31 

33 



(13) 

(11) 


W-245 

9 

13 

14 


(13) 

(12) 



W—246 

9 

10 



(10) 

(10) 



W—247 

11 

10 



(9) 

(8) 



W-2&3 

10 

7 


(8) 





W—256 

10 



(ID 

(10) 




W-258 

33 


(13) 

(ID 





W-259 

30 


(7) 

(12) 





W-260 

12 


ai> 

(13) 





W-26L 

30 


(12) 

(10) 





W—262 

35 


(15) 

(16) 





W-263 

12 


(12) 

(10) 





W—264 

1 8 


(11) 

(12) 





W—265 

30 


(12) 

(12) 





W-260 

9 


(9) 

(13) 






The figures enclosed in parentheses are those taken on live animals in February, 
1941 and 1942. 


animals in the herd. The slope of the rump for these same animals had 
been calculated from their pictures, though the pictures were made at an 
earlier age. The measurements on the living animal offer a check on the 
accuracy of the slopes calculated from the photographs. The results are 
shown in table 1, the readings made on the living animals appearing in 
parentheses. In view of the difference in age of the animals when photo¬ 
graphs were taken and when the readings on the living animals were made, 
the results arrived at by the two methods appear quite consistent. 

Only two cows had both picture measurements and clinometer readings 
of udder slope and these were taken 3 years apart. The photographs taken 
when the two cows were 3 years old showed 11° and 32° slope, respectively. 
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The clinometer readings made 3 years later were 23° and 32°, respectively. 
The increase in udder slope of the first cow was probably due to the effect 
of advancing age and does not indicate a lack of consistency in the slope 
calculated from the picture and the direct reading on the living animal. 


RESULTS AND DISCUSSION 

Effect of age . To determine the effect of age on the slope of rump and 
the slope of the udder, averages were computed for the readings for all 
animals for each year, starting at 1 to 6 months for slope of rump, and at 
19 to 30 months for slope of udder. Since the animals were photographed 
each year as long as they were in the herd, many of the animals are repre- 

TABLE 2 

Effect of age upon inclination of rump and udder 


Age in 

Bump 

Udder 

months 

Animals 

Inclination 

Animals 

Inclination 


A- 

-Average of all animals 



number 

degrees 

number 

degrees 

1-6 

76 

10.8 



7-18 

124 

11.4 



19-30 

115 

12.2 

50 

10.1 

31-42 

98 

13.2 

82 

14.1 

43-54 

64 

13.1 

59 

14.7 

55-66 

36 

14.1 

33 

18.3 . 

67-78 

20 

13.4 

18 

18.0 

79-90 

12 

13.4 

12 

19.0 


B—Average of 20 animals with complete data from 1 to 5 years of age 


1-6 

8 

9.4 



7-18 

20 

10.7 



19-30 

20 

12.0 

12 

9.7 

31-42 

20 

12 7 

20 

14.2 

43-54 

20 

13.0 

20 

16.3 

55-66 

"20 

13.3 j 

20 

18.3 


sented in each age-year group, but the younger groups are represented by 
larger numbers. In order to obtain data that -would bear more specifically 
on the effect of advance in age on the slope of rump and of udder, an addi¬ 
tional calculation was made on 20 cows on which there were data for each 
age year up to 5 years, with the exception that some of these animals were 
not represented by pictures for study in the youngest age groups. These 
two groups of data are shown in table 2, A and B. 

In general the two groups show the same trend hut there is some differ¬ 
ence in magnitude of the increase in degree of slope of the rump with age. 
In the group shown in table 2, A, the maximum slope in the rump is attained 
in the age group 55-66 months, with a per cent increase in the degree of 
slope from the age group 1-6 months, of 30.6. ' The maximum degree slope 
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for the 20-cow group is also reached at 55-66 months and the total per cent 
increase from the 1-6 months is 41.5. There is a fairly consistent increase 
in the slope of the rump with each age group, with the most rapid increases 
in the A group occurring between 7-18 months and 19-30 months, with a 
7 per cent increase; and from 19-30 months to 31-42 months, with an 8.2 
per cent increase. In the B group the most rapid rate of increase came 
earlier. From 1-6 to 7-18 months the increase in degree of slope was 13.8 
per cent; from 7-18 to 19-30 months, it was 12.1 per cent; and from 19-30 
to 31-42 it was 5.8 per cent. Thereafter the per cent increase in slope of 
rump for each age group was 2.3 per cent. 

The increase in degree of udder slope was much more pronounced. For 
the A group the maximum degree of slope was at 79-90 months and the 
total increase in degree of slope at this age from the slope at 19-30 months 
was 88.1 per cent. For the B group the maximum degree of slope for the 
20 cows was reached at 55-66 months and the total increase in degree of 
slope at this age was 88.6 per cent over that at 19-30 months. In both 
groups the greatest increase in degree of slope came from 19-30 to 31-42 
months with 39.6 and 46.4 per cent, respectively. For succeeding age groups 
the rate of increase was very irregular, being 4.2, 24.5, -1.6, and 5.5 per 
cent for the animals in table 2, A; and 14.8 aud 24.5 per cent for those in 
table 2, B. 

Thus it appears that in this herd there was an increase in slope of rump 
up to 5 years of age, with the most rapid increases in slope falling between 
1 and 3 years of age. There was an increase in slope of udder up to 7 years, 
with the most rapid increases taking place between 2 and 3 years of age. 
The maximum degree of slope of the udder attained at mature age was ap¬ 
proximately 40 per cent greater than the maximum degree of slope of the 
rump at mature age. 

The above observations have applied to the averages secured from all 
animals in each age group. There were many individual animals that varied 
from this trend. It was observed that in some cases there appeared to be 
an improvement in the levelness of the rump, even when the measurements 
showed an actual increase in the degree of slope. The apparent improve¬ 
ment was probably due to a raised tail setting. 

The relation of rump inclination to udder inclination. It has been 
pointed out that there is a common belief that the sloping rump is asso¬ 
ciated with the tilted udder. To determine whether there was any rela¬ 
tionship between sloping rumps and tilted udders in the animals in the 
Woodward Station herd, correlation coefficients were run on 87 pairs, using 
the readings for animals in the 31-42 months age-group. This group has 
the largest population for udder inclination and the third largest popu¬ 
lation for rump inclination (see table 2, A). The coefficient secured was 
+ 0.021 zh 0.11, indicating that there is no relationship between the sloping 
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rump in the animals in this study and the tilted udder. Correlation coeffi¬ 
cients were run on these same 87 pairs to determine if there was any rela¬ 
tion between the sloping rump and producing ability,- or between the tilted 
udder and producing ability. The coefficient for sloping rump and pro¬ 
ducing ability was - 0.013 0.107, indicating that the relationship was not 

significant. The coefficient for tilted udder and producing ability was 
- 0.196 rh 0.103, indicating that this relationship was not significant. 

Thus it appears that in this group one is as likely to find a tilted udder 
on a cow with a level rump as on a cow with a sloping rump; or a cow with 
a sloping rump is no more likely to possess a tilted udder than is the cow 
with a level rump. Furthermore, producing ability, at least within the 
levels of production possessed by the cows in this study, is not effected by 
the degree of slope of either the rump or the udder. 

Some observers believe that cows that have sloping rumps are more likely 
to have difficulty delivering calves than are cows with level rumps. Our 
records were not complete enough to permit a study of the relationship of 
degree of slope of rump to difficult calving, but we did run a correlation 
coefficient on the relationship of degree of slope of the rump to breeding 
efficiency, as measured by the number of services per conception. It is 
recognized that there are many factors that may cause a lowered breeding 
efficiency and it was hardly expected that the correlation coefficient for 
sloping rump and breeding efficiency would be significant. The coefficient 
was + 0.220 -± 0.088. While not high enough to be considered significant, 
it indicated a more pronounced trend than the other three coefficients that 
have been discussed. 

The inheritance of the degree of rump and udder inclination . It appears 
from the data presented that neither the sloping rump nor the tilted udder 
has any influence on the producing ability of an animal. Also the levelness 
of the rump, or the degree of its slope, is not associated with either the level¬ 
ness or the degree of tilt of the udder. Nevertheless animals with level 
rumps and/or level udders have much greater sales value than do animals 
that have sloping rumps and/or tilted udders, other points being equal. 
This will be true even though it is fully understood that these features do 
not have a bearing on producing ability, because of the fact that the level 
rump and the level udder are commonly associated with the correct type 
or beauty of an animal. 

So far as is known there are no environmental conditions that will cause 
a level rump to become sloping. Photographic records in the Bureau of 
Dairy Industry, portraying the development of experimental breeding ani¬ 
mals from calfhood to maturity, do show, however, that many animals un¬ 
dergo startling changes in the conformation of the rump. Some that are 
level become sloping and some that are sloping become level. The reasons 
for these changes are not known. 
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There are a number of known causes for changes in the shape of the 
udder. Injury or infection in one or more quarters may cause atrophy of 
the tissues that may result in an unbalanced udder. Investigations have 
shown that the average cow secretes in the rear quarters approximately 60 
per cent of the total amount of milk produced. The greater weight of the 
milk in the rear quarters may result in a more pronounced sagging in these 
quarters. Then there is the not inconsiderable weight of the udder that may 
cause a relaxation of the supporting tissues. The average weight of 17 
empty udders from cows at the Beltsvillc station that had been in milk 3 
months or less at the time of slaughter was 72.98 pounds. 

An investigation of the “Arrangement of the tissues by which the cow’s 
udder is suspended,” 4 by W. W. Swett, P. C. Underwood, C. A. Matthews, 
and R. It. Graves, showed that probably the main supporting tissue of the 
udder was the fan-shaped septum between the two halves of the udder that 
attaches directly to the abdominal wall. If this main supporting tissue, or 
the lesser supporting tissues, becomes lax and stretches, because of heredi¬ 
tary tendencies, old age, or ill health, the shape aud the balance of the udder 
may change quickly. The illustrations of these tissues in the publication 
cited nhow more clearly than can words how this may occur. 

There was a greater probability of error in measuring the inclination of 
the udder than in measuring the inclination of the rump. This was because 
of the short distance between the base points—the base of the front and rear 
teats—from which the angle of the inclination of the udder was projected; 
the difficulty in accurately locating the teat base with some types of teats, 
especially those that are inclined to balloon or funnel out; and the differ¬ 
ences that existed in the stage of lactation of different animals when photo¬ 
graphed. The greater possibility of environmental factors influencing the 
shape of the udder and the greater probability of error in obtaining the 
correct angle of the inclination of the udder result in greater variations 
and more indefinite trends in the following study of the inheritance of the 
udder inclination than is the ease in the study of rump inclination. 

The data obtained in this study have been analyzed for indications of 
the part that inheritance plays in determining the extent of the inclination 
of the rump and the udder. 

Table 3 shows the average inclination of the rump and of the udder of 
the daughters and of their dams, of the five sires used in the station herd. 
The data for the outbred and inbred daughters are shown separately. The 
program of taking photographs of each animal in the breeding herd each 
year had to be discontinued a few years ago, so that data are not available 
for all the daughter-dam pairs for sires 4 and 5. In reading the per cent 
increase or decrease in inclination in this table it should be kept in mind 
that a plus per cent indicates that the degree of slope of the daughters has 

4 Journal of Agricultural Research, Vol. 65, No. 1. 
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increased over that of their dams, and the minus per cent indicates the degree 
of slope of the daughters has decreased or the rump or udder of the daugh¬ 
ters has become more level as compared to that of the dams. 

The inbred daughters of sire 1 and the outbred daughters of sire 2 had 
the most sloping rumped daughters, each with an average of 13.5°; but the 
degree of slope of sire 1 ’s inbred daughters was 10.6 per cent greater than 
the slope of their dams, while the degree of slope of sire 2’s daughters was 
only 3.9 per cent greater than that of their dams. Sire 5’s daughters had 
the least slope of any sire’s daughters and they had 27.6 per cent less slope 
than did their dams. This was the greatest change from the average incli¬ 
nation of the rump of the dams shown by any group of daughters. Sires 3 
and 4 were mated to dams that had the highest average rump inclination 
and sire 3’s outbred daughters average 6.6 per cent less inclination than 
their dams and sire 4’s daughters averaged 12.6 per cent less than their dams. 

The per cent changes in udder inclination were much greater than those 
for the rump. Perhaps this is because the changes in udder inclination were 
due to some extent to environmental factors. 

The greatest increase in udder inclination was in the daughters of sire 1. 
The dams of his outbred daughters had more level udders than did any other 
group of dams. The inbred daughters of sire 1 had udders with a greater 
inclination than did his outbred daughters, but the per cent increase in in¬ 
clination was less. 

Coefficients of correlation indicated that there was no relationship be¬ 
tween the sloping rump and the tilted udder. The results shown in table 3 
show why a correlation coefficient for these characters would be without sig¬ 
nificance. Sire 2’s outbred daughters ranked with sire l’s inbred daughters 
in possessing the most sloping rumps but sire 2’s daughters' also had the most 
level udders. He increased the degree of inclination of rump of his daugh¬ 
ters over that of their dams by 3.9 per cent and he decreased the udder 
inclination of his daughters 23.8 per cent. On the other hand, sires 3 and 4 
decreased the rump inclination of their daughters and greatly increased 
their udder inclination. 

From the data in table 3 equal parent indexes have been calculated for 
each sire for inclination of rump and for inclination of udder, on the as¬ 
sumption that the average inclination of the rump or udder of the daughters 
represents the average of the degree for that character transmitted by the 
parents. These indexes for sires 1, 2, and 3 are used in table 4, along with 
the measurements of certain cows that they were mated to, to show the ex¬ 
pected inheritance for inclination of rump and udder as compared to that 
actually secured in full sisters. Thus the index for inclination of rump 
calculated from the outbred daughters of sire 1 and their dams is 12.8°, and 
the index for inclination of udder is 27.2°. Sire 1 was mated to cow W-14, 
whose inclination of rump was 9.0°, and of udder 1.0°. The average of sire 
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l’s index for inclination of rump, and of cow W-14’s actual inclination of 
rump, was 10.9°, the average inheritance for inclination of rump from these 
two parents. Inclination of the rump of the two full sisters resulting from 
the mating of these two parents, W-36 and W-41, is 14° and 8°, respectively. 
Likewise, the average index for these two parents for inclination of udder 
is 14.1 and the inclination for udder of W-36 and W-41 is 10° and 19°, 
respectively. 

Such comparisons can only be of value in showing trends for the reasons 
that both parents were undoubtedly heterozygous for the factors determin¬ 
ing degree of slope and consequently no one index figure can represent the 
range that they will transmit at different matings; and also because the 


TABLE 5 

The “expected** inheritance from the parents and the “actual** phenotypic inheritance 
received, as shown by the average inclinations of f ull sisters 


Par flits 

Inclination of rump 

Inclination of the udder 

Expected 

index 

Actual average 
of daughters 

Expected 

index 

Actual averagi 
of daughters 


degrees 

degrees 

degrees 

degrees 

1 ,14 

10.9 

11.0 

14.1 

14.3 

2 14 

ll.fi 

11.0 

3.7 

12.4 

1 < 10 

11.4 

10.0 

18.0 

24.0 

- X 1 s 

14.0 

14.0 

8.7 

6.0 

2 x 23 

11.3 

12.0 

9.7 

4.0 

1 . 25 

14.9 

! 13.0 

20.3 

! 18.0 

2 \ 2, r > 

14.3 

• 13.3 

8.7 

9.7 

2 X 38 

13.3 | 

15.0 

8.7 

17.5 

2x44 

10.0 

33.0 

12.2 

| 3.0 

3 x .*53 

13.9 

13.5 

15.0 

14.5 

3x77 

12.4 

12.7 

34.5 

36.7 

3 < 70 

31.4 

10.3 

10.5 

12.0 

Average j 

12.9 

12.2 

12.0 

12.3 


index as calculated for the sire is a genotypic expression of his inheritance 
for these characters, while the measurement of the dam and of each daughter 
for degree of inclination is a phenotypic expression. Nevertheless the data 
in this table do show trends that appear to indicate that the inclination of 
the rump, and to a less extent the udder, is controlled largely by inheritance. 

The data in table 4 give some idea of the variability of full sisters for 
these two variables. The daughters of W-14 and W-25 are especially inter¬ 
esting because each of these dams has daughters by sires 1 and 2. The 
daughters of cow W-25 by sire 1 are inbred and the index for sire 1 in this 
case is calculated from the averages of his 9 inbred daughters and their dams. 
Note the variability in the udder inclination of the three daughters of sire 2 
and W-14, though the index of the parents was only 3.7. Also note the low 
range of variability of udder inclination in the two daughters of sire 2 and 
cow W-44, though the parent index was 12.2. 
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In order to show the trend more clearly the data in table 4 are condensed 
and given in table 5 as the “expected” and the “actual” inclinations occur¬ 
ring in the daughters. 

The expected inheritance for inclination of rump for the 12 parental 
combinations shown in table 5 varies from 10.9 to 16.0°. As is to be ex¬ 
pected in the matings of heterozygous parents, there is considerable variation 
among the full sisters resulting from each parental combination. When, 
however, the readings for the full sisters are averaged, the results fit quite 
closely to the expected inheritance for inclination of rump. Thus the “ex¬ 
pected” for the first 2 parents is 10.9° and the average of their 2 daughters 
is 11.0°; and for each of the other parental combinations the results are: 

11.5 to 11.0,11.4 to 10.0, 14.0 to 14.0, 11.5 to 12.0, 14.9 to 13.0, 14.5 to 13.3, 

15.5 to 15.0, 16.0 to 13.0, 19.9 to 11.5, 12.4 to 12.7, and 11.4 to 10.5°. The 
average for the expected for the 12 parental combinations is 12.9° and the 
average of the full sisters of the different parental combinations is 12.2°. 
Thus it appears that inclination of rump is dearly an inherited character; 
and of a multiple factor type. 

The “expected” inheritance for inclination of udder covers a much 
wider range than the “expected” inheritance for inclination of rump, 
ranging from 3.7 to 20.3°. There is also a greater departure from the 
“expected” in both the individual daughter and in the average of the full 
sisters. This is to be expected in view of the greater part that environ¬ 
ment may play, as well as the possibility of greater error in measurement. 
Though there is not as close a fit of the “actual” to the “expected” as in 
rump inclination, the trends of the “actual” and “expected” are in suffi¬ 
cient agreement to indicate that inheritance plays a major part in deter¬ 
mining the extent of the inclination of the udder. 

The comparison of the “expected” to the “actual” as expressed by the 
average of the degree of udder inclination of the full sisters from each par¬ 
ental combination, reading from top to bottom, is as follows (table 5): 14.1 
to 14.5, 3.7 to 12.4, 18.6 to 24.0, 8.7 to 6.0, 9.7 to 4.0, 20.3 to 18.0, 8.7 to 9.7, 
8.7 to 17.5, 12.2 to 1.0, 15.0 to 14.5, 14.5 to 16.7, and 10.5 to 12.0°. The 
average for the “expected” is 12.0° and for the actual 12.5°. The daugh¬ 
ters of sire 2 and W-14 greatly exceed the parental index j also the daughters 
of sire 2 and W-38. The 2 daughters of sire 2 and W-44 and the daughters 
of sire 2 and W-23 have much more level udders than was to be expected 
from the parental index. On the whole, however, where the parental index 
is high the average of the daughters is high, and where the parental index 
is low the average of the daughters is low. It appears that the degree of 
slope of the udder is also a blended inheritance but that the inheritance 
picture is far more likely to be distorted by environmental factors than is 
the degree of slope of the rump. 
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VARIABILITY 

Coefficients of variability were calculated for the daughters of the five 
sires, on which data were secured on the inclination of the rump and the 
udder, for milk yield, butterfat yield, inclination of the rump, and inclina¬ 
tion of the floor of the udder. Coefficients for these characters were calcu¬ 
lated separately for the inbred daughters of sires 1 and 3. These coefficients 
are shown in table 6 along with average inclination of the rump and of the 
floor of the udder, and the average milk yields and the average butterfat 
yields of the daughters of the five sires. 

The outbred daughters of sire 1 were less sloping on the average than 
his inbred daughters, but the variation in degree of elope was far greater 
in the outbred daughters. His inbred daughters also had less variability in 
slope of the udder floor. In this case inbreeding brought about a more uni¬ 
formly sloping rump and a more uniformly sloping udder floor, but when 
it came to milk yield and butterfat yield the inbred daughters had lower 
yields, and the variability of the yields was far greater than that of the 
outbred daughters. The greater variability in milk and butterfat yields 
in the inbred daughters is in accordance with findings in an experiment 
with inbred dairy cattle at the Beltsville Station of the Bureau of Dairy 
Industry, the results of which will be published in a technical bulletin of 
the United States Department of Agriculture. On the other hand, the 
variability was lower in the inbred daughters of sire 3 than in his outbred 
daughters for all four variables. However, there were milk and butterfat 
yields on only three daughters. 

The daughters of sire 5 had the lowest average slope of rump of the 
daughters of the five sires, but the coefficient of variation was the greatest. 
The daughters of sire 5 and the daughters of sire 2 had the lowest average 
inclination for udder floor, but the daughters of sire 5 had the lowest coeffi¬ 
cient of variation and the daughters of sire 2 had the highest coefficient of 
variability for this character. Perhaps these are additional indications that 
the slope of rump and slope of udder floor are inherited independently of 
each other. 

In view of the history of the daughters of sire 3 at the Woodward Sta¬ 
tion, it is surprising that his daughters do not show a greater slope of the 
udder floor, and an even greater coefficient of variability for this character 
and for milk yield and butterfat yield. The daughters of this sire suf¬ 
fered rather uniformly at calving time from a severe inflammation of the 
udder and an edematous condition that persisted long after calving. It 
was thought that the severity of this condition resulted in some breaking 
down of the udder and interference with the expression of their normal 
inherent producing ability. 
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SUMMARY AND CONCLUSIONS 

1. Man's ideas of beauty in the bovine long ago insisted that the rump 
should be level, though most species of animals have sloping rumps. Breed¬ 
ers for many years have selected for level rumps. But the inheritance for 
the sloping rump still persists, and is continually occurring in all breeds of 
dairy cattle, though with decreasing frequency. Along with the selection 
of breeding animals for level rumps, there have been developed over a 
period of years opinions that there are certain associated defects that are 
likely to be inherited along with the sloping rump. Of these opinions the 
most common and the most important were: (a) that the floor of the udder 
would parallel the rump—that with a sloping rump there would be a tilted 
udder; (b) the tilted or sloping udder would be deficient in the front quar¬ 
ters and would, therefore, have less capacity; (c) that difficult calving and 
lower breeding efficiency occurs in cows with sloping rumps. 

2. In the experimental breeding herds of the Bureau of Dairy Industry 
animals were photographed once a year under carefully controlled conditions 
as to posing on a level track with camera on a fixed post at a uniform dis¬ 
tance from animal and at uniform height from ground, and with the same 
camera used for all the pictures. It was found that these pictures could be 
satisfactorily used in obtaining the degree of slope of the rump; they can also 
be used for determining the degree of sloj>e of the udder, though with some¬ 
what less accuracy than that of the rump. The degree of accuracy of the 
slope obtained from the photographs w r as checked with a clinometer on the 
living animal and found to be satisfactory. 

3. The material for this paper was obtained from a series of more than 
500 photographs of 155 females in the experimental breeding herd of IIol- 
stein-Friesian cattle at the United States Experiment Station at Woodward, 
Okla. 

4. The animals with the straightest rumps were in the age group of 1 
to 6 months. From that age the slope of the rump became progressively 
greater up to the age of 5 years. The most rapid change in the slope of 
rump came at the younger ages. In one group the per cent increase in 
degree of inclination of the ruinp from the age group of 1-6 months to the 
age group of 7-18 months was 13.8; from 7-18 months to 19-30 months 
the degree of inclination was 12.1 per cent greater, and from 19-30 to 31-42 
months, the increase was 5.8 per cent. 

5. The increase in degree of udder slope with advance in age was more 
pronounced than the change in rump slope. The maximum slope of udder 
was at 79-90 months of age, and the per cent increase in the degree of slope 
at this age was 88.1 per cent greater than the degree of slope in the 19-30 
month age group. As with the rump, the greatest increase in the slope of 
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the udder came in the younger age groups with decreasing increments with 
advance in age. 

6. The correlation coefficient for the relationship of the degree of incli¬ 
nation of the rump to the degree of inclination of the udder for 87 animals 
was + 0.021 ± 0.11; the correlation coefficient for relation of degree of slop¬ 
ing rump to producing ability was - 0.013 ± 0.107; the correlation coefficient 
for relation of degree of inclination of the udder to producing ability was 
- 0.196 ± 0.103. None of these coefficients was significant. 

7. Herd records were not sufficiently complete to determine the relation¬ 
ship of the sloping rump to difficult calving. A correlation coefficient on the 
relation of the degree of inclination of the rump to the number of services 
per conception was + 0.220 ± 0.088. While hardly significant, this coeffi¬ 
cient does show a more pronounced trend than the other three coefficients. 

8. Study of the data on the daughters of the different sires used in the 
experiment indicates that the sloping rump and the tilted udder are in¬ 
herited characters, probably of a multiple factor or blending type, and that 
the slope of the rump and the tilt of the udder are inherited independently of 
each other. The average of the actual slope of either the rump or the udder 
of several full sisters fits quite closely the expected slope calculated from the 
equal parent index of all the daughter-dam pairs for the sire and the actual 
slope of the dam. 

9. Variability was decreased in the slope of rump and in the slope of the 
udders of the inbred daughters of one sire while the variability in milk and 
butterfat yields was increased. In a second sire the inbred daughters had 
a lower variability than the outbred daughters in slope of rump, slope of 
udder, milk yield, and butterfat yield, though the number of inbred daugh¬ 
ters was rather small. The degree of variability was not associated with 
the degree of the slope of either the rump or the udder. 



CAN GOOD PRODUCING COWS BE FED IN SUCH MANNER AS TO 
MAINTAIN THEIR WEIGHT ? 

E. K. GRAVES* 

Students of dairy cattle nutrition often say that dairy cows should be so 
fed that they will not lose weight; that if a good producing cow is losing 
weight she is not receiving enough nutrients. If she is producing well and 
is not gaining or losing in weight she is correctly fed. In other words the 
weight of the cow during the lactation period is one of the best guides to good 
feeding. 

A few years ago we conducted feeding experiments at field stations to 
determine the relative production of cows when on limited grain rations and 
on rations of roughage alone and when they were receiving what we termed 
a full grain ration, that is when they were fed grain at the rate of 1 pound to 
each 3 pounds of milk produced. It was noted that the cows on roughage 
alone lost weight quite rapidly early in the lactation period and then gained 
slowly during the remainder of the period. This indicated, apparently, 
that the cows were unable to eat enough of the bulky roughage ration to 
meet their requirements for production and maintenance in the early months 
of lactation. This is probably the reason why these cows did not approach 
more closely, when on a good quality of alfalfa hay, their level of production 
when receiving the full grain ration, rather than because of any deficiencies 
in the hay. 

In one experiment 11 cows were fed throughout a 12-month lactation 
period on a ration consisting entirely of alfalfa hay, and 8 of these cows 
were fed through a second successive lactation period on alfalfa hay alone. 2 
In the first lactation period these 11 cows lost in the first month an average 
of 107 pounds, in the second month 43 pounds and in the third month 7 
pounds; in the fourth month they gained 4 pounds, in the fifth month they 
lost 8 pounds, and thereafter they gained in weight each month. Their total 
average loss, from their “after-calving” weight, during 4 of the first 5 
months of the lactation period was 165 pounds, and their total average gains 
during the remaining 8 months was 122 pounds; therefore, in the twelfth 
month they had failed to regain their after-calving weight by 43 pounds. 

The 8 cows that completed a second successive lactation period on alfalfa 
hay alone lost weight only in the first 2 months of lactation—an average of 
91 pounds for the 8, and during the remainder of the lactation period gained 
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123 pounds, so that they weighed an average of 33 pounds more in the 
twelfth month than their after-calving weight. 

In an experiment at the Utah Station 3 12 cows were fed through three 
successive 10-month lactation periods, in one of which they were fed only 
alfalfa hay and pasturage in season; in a second alfalfa hay, and ground 
barley fed at the rate of 1 pound to each 5.7 pounds of milk produced, plus 
pasturage in season; and in a third alfalfa hay and corn silage and pasturage 
in season. The weights of these 12 cows followed a very similar pattern 
during the three lactation periods. In the first they lost 104 pounds the 
first month and 17 pounds the second month—a total average loss of 121 
pounds in 60 days. They gained it all back in the next 8 months and were 
10 pounds over the after-calving weight in the tenth month. In the second 
lactation period, the one in which they received ground barley in addition 
to alfalfa hay, they lost an average of 105 pounds the first month, 14 pounds 
the second, and 4 pounds the third month, a total shrinkage of 123 pounds 
in the first 3 months of lactation. In the next 7 months their total average 
gain was 104 pounds so that in the tenth month of lactation they lacked 19 
pounds of regaining their after-calving weight. In the third lactation 
period, when they received alfalfa hay and corn silage, the average loss of 
the 12 cows was 105 pounds the first month and 15 pounds the second month 
—a total loss of 120 pounds. Starting with the third month they made some 
gain each month, making a total average gain at the end of the tenth month 
of 154 pounds and putting them 34 pounds over their after-calving weight. 
Such uniformity of losses and gains for 12 cows over three lactation periods 
is quite remarkable. 

So far as we could determine these severe losses in weight caused no 
physical injury to these cows, but it was no doubt associated with a lower 
level of production than would have been the case had they been fed in such 
manner as to enable them to maintain a more uniform weight. But can good 
dairy cows be fed so that there will be little change in their weights during 
the lactation period? A study was made of the changes in weight through 
a 12-month lactation period of 20 2-year-old Jerseys on Register of Merit 
test at the Lewisburg, Tenn., Field Station, of 20 2-year-old Holstein heif¬ 
ers on Advanced Registry test at the Huntley, Mont., Field Station, of 9 
2-year-old Holsteins and 9 mature Holsteins on Advanced Registry test 
at the Beltsville Station, and of 9 2-year-old Jerseys and 9 mature Jerseys 
on Register of Merit test at the same station. 

At the Lewisburg Station cows on Register of Merit test are fed legume 
hay ad lib, and a grain mixture fed at the rate of 1 pound to each 3 pounds 
of milk produced. They are ateo on pasture during the pasture season. At 
the Huntley Station cows are fed alfalfa hay ad lib, corn silage, and a grain 
mixture at the rate of 1 to 3. They are not pastured. At the Beltsville 
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Station the method of feeding is somewhat different. The requirements of 
the cows for maintenance and production are calculated every 10 days. After 
allowing for the alfalfa hay and corn silage consumed, enough of a grain 
mixture is fed to provide total digestible nutrients 10 per cent in excess of 
the requirements. Some heavy-producing cows will not consume enough 
feed early in their lactation periods to provide the 10 per cent over require¬ 
ments, but they were fed as closely to that level as their consumption permits. 
This no doubt results in somewhat more liberal feeding than is the case at 
the Lewisburg and Huntley Stations. 

THE JERSEYS 

The Bcltsville 2-year-old Jerseys had an average weight of 868 pounds 
13 days before calving, the individual weights ranging from 749 to 1,010 
pounds. Their average weight 11 days after calving -was 803 pounds, rang¬ 
ing from 695 to 900 pounds. The loss in weight from the before-calving 
to the after-ealving was approximately 8 per cent of the latter weight. 
In the tenth month of lactation all but one of the 9 2-year-olds had reached 
a weight that exceeded her pre-calving weight. The one exception had the 
heaviest before-calving weight. 

In the twelfth month of lactation they had reached an average weight of 
951 pounds, a gain of 148 pounds over the after-calving weight, or 18.4 per 
cent. The lowest gain was 109 pounds and the highest gain was 214 pounds. 

These 9 2-year-old Jerseys were evidently able to get on full feed quickly 
for four of them had no monthly weight that was below their after-calving 
weights and two more had monthly weights that were only 2 pounds and 
7 pounds below their respective after-calving weights. The remaining 2 
reached low weights that were 19 pounds and 42 pounds below their re¬ 
spective after-calving weights. They were one pound below the average 
after-calving weight in the first month of lactation but thereafter they made 
a gain each month. 

Three of these heifers did not conceive during the lactation period, but 
they did not affect the result since their average gain from the after-calv¬ 
ing weight to the twelfth month weight was 140 pounds, while the gain 
for the other 6 heifers was 153 pounds and they carried their calves an 
average of 188 days during the lactation period. 

Feeding nutrients at the rate of 10 per cent in excess of requirements 
enabled them to gain consistently through the lactation period, to exceed 
their after-calving weights by an average of 148 pounds and to produce at 
the average rate of 8,994 pounds of milk, 479 pounds butterfat, starting at 
the age of 2 years, 1 month. 

The 20 2-year-old Jersey heifers at the Lewisburg, Tenn., Station had 
an average before-calving weight of 769 pounds—99 pounds lighter than 
the before-calving weights of the 9 2-year-old Jersey heifers at Beltsville. 
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They ranged from 630 to 890 pounds. Their average after-calving weight 
was 729 pounds, with a range from 560 to 830 pounds. Thus the Lewisburg 
2-year-olds were 12.8 per cent lighter than the Beltsville Jerseys before 
calving, and 10 per cent lighter after calving. The Lewisburg 2-year-olds 
lost only 40 pounds from the before-calving weight to the after-calving 
weight—equivalent to 5.5 per cent of the latter. The Beltsville Jersey 
shrinkage was 8 per cent. Only 12 of the 20 reached their before-calving 
weights in the tenth month of lactation. 

In the twelfth month their average weight was 836 pounds and the aver¬ 
age gain over the after-calving weight was 118.7 pounds or 16 per cent. 

They lost very slightly in the first, second, fourth and sixth months—the 
total average loss was only 21 pounds. Actually they just about held their 
weight during the first 6 months, the total average gains of 20 pounds balanc¬ 
ing the total average loss of 21 pounds, but starting with the seventh month 
they gained consistently during the remainder of the lactation period. This 
in contrast with the Beltsville 2-year-old Jerseys that gained from the first 
month to the twelfth. 

The Lewisburg heifers were experiencing breeding trouble. Only half 
of them conceived during the lactation period, but this does not appear to 
have materially affected the results so far as gains are concerned. The 10 
heifers that did not conceive made an average gain from after calving to the 
twelfth month of 118 pounds, while the 10 heifers that carried calves an 
average of 176 days during the lactation period made average gains of 122 
pounds. The average butterfat yield was not materially affected by preg¬ 
nancy ; the 10 that carried calves an average of 176 days had an average yield 
of butterfat of 393.6 pounds and those that did not conceive had an average 
yield of 385.2 pounds. 

The weights of the mature Beltsville Jerseys behaved in a somewhat 
different manner than did those of the 2-year-olds. The mature cows had 
an average before-calving weight of 1,201 pounds, 79 pounds or approxi¬ 
mately 7 per cent greater than their after-calving weight. This is only 
1 per cent less than the shrinkage of the 2-year-olds. Only four cows at¬ 
tained their precalving weights in the tenth month. In the twelfth.month 
all had passed their after-calving weights, but their gain was only 6.6 per 
cent of the after-calving weight, approximately one third the percentage 
gain made by the Beltsville 2-year-olds. Their losses in weight during the 
lactation period were more pronounced than those of the 2-year-olds. All 
but two had lower weights than the after-calving weight during the lacta¬ 
tion period. The low points were very scattered, two of them occurring as 
late as the eighth and the ninth months of the lactation period. After the 
first month the Beltsville 2-year-olds showed an average gain each month, 
while the mature Jerseys, with the exception of the second month, when they 
showed a loss, just about held the average after-calving weight through the 
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seventh month of lactation. Starting with the eighth month they showed a 
material gain each month. 

THE HOLSTEINS 

The average before-calving weight of the Beltsville 2-year-old Hol- 
steins, 1,238 pounds, was almost 12 per cent greater than their after¬ 
calving average. Like the 2-year-old Jerseys they made a gain in weight 
each month, excepting the first, which was the same as the after-calving 
weight. Only three of them dropped below their after-calving weight 
at any point in the lactation period. Three of them failed to attain their 
before-calving weights in the tenth month, and all of them y>assed their 
after-calving weights by substantial margins by the twelfth month of lacta¬ 
tion. These gains ranged from 95 to 367 pounds, and the average gain of 
234 pounds was 21 per cent of the average after-calving weight. This is a 
larger percentage gain than that made by the Beltsville 2-vear-old Jerseys. 

Twenty 2-year-old Holstein heifers at the Huntley, Mont., Station had 
an average before-calving weight of 1,279 pounds, 13.7 per cent greater than 
their after-calving average. Both the before-calving and the after-calving 
average weights were somewhat higher than those of the Beltsville 2-year- 
olds. However, the system of feeding at Huntley did not enable them to 
gain as consistently during the lactation period as did the 2-year-olds at 
Beltsville under the system of feeding prevailing at that station. Only 5 
of the 12 heifers attained their before-calving weights in the tenth month of 
lactation, and 17 of the 20 fell below their after-calving weights during the 
lactation period. On the average the Huntley heifers were below their 
after-calving weight for the first three months of the lactation. The low 
weight during the lactation for the 17 heifers showing a loss ranged from 15 
to 220 pounds. How r ever, by the twelfth month they had all passed their 
after-calving weights, the average gain at that time being 180.5 pounds or 
16 per cent of the after-calving average. This is less than the percentage 
gain of the Beltsville 2-year-olds by some 5 per cent. Actually the Huntley 
heifers made an average total gain during the lactation period of 215 pounds, 
as compared to an average gain of 234 pounds by the Beltsville 2-vear-olds, 
but the Huntley heifers had an average loss of 30 pounds in the first month 
to overcome, while the Beltsville heifers had no loss. The Huntley heifers 
were heavier than the Beltsville heifers at the start of the lactation period 
by an average of 19 pounds, but they were lighter in the twelfth month of 
lactation by an average of 28 pounds. 

The mature Holstein cows at Beltsville had an average weight before¬ 
calving of 1,719 pounds, 8.4 per cent more than their after-calving weight. 
This is a smaller shrinkage due to calving than was experienced by the Hol¬ 
stein 2-year-olds at Beltsville and Huntley. 

On the basis of averages these 9 mature cows remained remarkably close 
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to their after-calving weight during the first, third, and fourth months of 
lactation. In the second month they dropped 15 pounds below their after¬ 
calving weight. From the fifth to the eighth months of lactation their aver¬ 
age weights only ranged from 1,607 to 1,611 pounds, but during the remain¬ 
ing 4 months they made consistent gains each month. In the tenth month, 
only one cow had regained her before-calving weight. In the twelfth month 
all had gained over their after-calving weights, the average gain of 111 
pounds being an increase of 7 per cent. Thus the per cent gain over the 
after-calving weight in the mature Holsteins was only about one third as 
great as for the 2-year-old Beltsville heifers. This is almost the same rela¬ 
tionship as was shown by the relative gains of the mature Jersey cows to 
those of the 2-year-olds. 

Seven of the 9 Holstein cows had low points in their weights that ranged 
from 2 to 103 pounds below their after-calving weights. Four of the 7 cow r s 
reached the lowest level of weight in the second month, one in the third 
month, one in the fourth and one in the seventh month of lactation. 

conclusions 

1. The shrinkage from the before-calving to the after-calving weights, on 
the basis of the per cent of the after-calving weight, was greater in the Hol¬ 
steins than in the Jerseys and greater in the 2-year-olds than in the mature 
cows. The greatest shrinkage was in the Huntley Holstein 2-year-olds— 
13.7 per cent—and the least in the Lewisburg Jersey 2-year-olds—5.5 per 
cent. The smaller Jersey calf weight accounts for a part of the difference 
between the Holstein and Jersey breeds. 

2. In total average gains from the after-calving weight to the twelfth 
month of lactation, expressed as per cent of the after-calving weight, the 
Beltsville 2-ycar-old Jerseys and 2-year-old Holsteins gained 18.4 and 21 
per cent, respectively, and the Beltsville mature Jersey cows and the Belts¬ 
ville mature Holstein cows gained 6.6 and 7 per cent, respectively. These 
four groups were under the same system of feeding—requirements plus 10 
per cent. It appears that the 2-year-olds—Jersey and Holsteins—made 
from 2.5 to 3 times the gains of the mature cows. The Lewisburg 2-year-old 
Jefseys and the Huntley 2-year-old Holsteins had the same average per¬ 
centage gain—16 per cent. The system of feeding these two groups, while 
the usual full grain feeding system, is somewhat less liberal than the require¬ 
ments plus 10 per cent. 

3. Under the system of feeding followed at the Beltsville Station the 
average weights of both the 2-year-old Jerseys and the 2-year-old Holsteins 
were approximately the same in the first month of lactation as their after¬ 
calving weights, but thereafter they made gains each month. The gains were 
not as rapid in the early months as in the last months of the lactation period 
but on the average there were no losses. The mature Jerseys and the mature 
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Holsteins under the same system of feeding showed a different pattern of 
gains from those of the 2-year-olds but were remarkably similar to each other. 
The Jersey cows had au average loss of 78 pounds in the second month but 
gained it back in the third. In the first 7 months of lactation they lost 82 
pounds and gained 90 pounds on the average, so that they were just about 
holding even. In the last, 5 months they had an average gain of 68 pounds. 
The Holsteins had an average loss of 20 pounds in the second month. In 
the first 7 mouths they lost an average of 22 pounds and gained an average 
of 45, so they were a little more than holding even. In the last 5 months 
their average gain was 89 pounds. The Lewisburg 2-year-old Jerseys held 
an even weight the first 6 months and made consistent gains the last 6 months. 
The Huntley 2-year-old Holsteins had an average loss of 30 pounds the first 
month, and gained each month thereafter. 

4. It appears that, with the requirements-plus-10-per-cent system of feed¬ 
ing, 2-year-olds will gain from the first month of lactation, and with mature 
cows the average gains will somewhat more than balance the losses in the first 
7 months and rapid gains will occur during the balance of the lactation. 
Under the usual full-grain system of feeding, that is 1 pound of grain to 
each 3 pounds of milk produced, the average losses and gains balanced each 
other in the first 6 months and consistent gains occurred during the balance 
of the lactation with 2-year-obl Jerseys, and with 2-year-old Holsteins after 
an average loss the first month, there were gains on the average each month 
during the balance of the lactation period. 




FROZEN HOMOGENIZED MILK. II. EFFECT OF FREEZING AND 
STORAGE TEMPERATURES ON THE CHEMICAL AND 
BACTERIOLOGICAL PROPERTIES OF 
HOMOGENIZED MILK 

LIEUTENANT COLONEL C. J. BABCOCK, Sanitary Corps, AUS, MAJOR RICHARD 
N. ROERTG, Sanitary Corps, AUS, CAPTAIN JOSEPH N. STABILE, 
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Sanitary Corps, ATJS, and COLONEL RAYMOND 
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Army Veterinary School , Medical Department Professional Service Schools f 
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In part I, “Effect of Freezing and Storage Temperature on the Physical 
Characteristics of Homogenized Milk” (1), it was shown that freezing and 
storage temperatures affect the physical character of homogenized milk. To 
determine if these conditions cause chemical changes which may contribute 
to the physical changes, a study was made of the shift of the chemical con¬ 
stituents in samples of homogenized milk frozen and stored under the same 
conditions as the samples used to study the physical changes. Bacterial 
counts were also made on a number of the samples to determine whether 
biological changes occur in frozen homogenized milk. 

In a study on frozen homogenized milk, Cvitl (2) analyzed the outer 
layer, the part which froze first, as well as the top, middle and bottom por¬ 
tions of the remainder of the sample and found that the central portion was 
richer in fat, casein, albumin, globulin, sugar, and chloride ion than the 
upper or lower portions and that the outer layer was the poorest in these 
constituents. Baldwin and Doan (3) reported that when milk, whose cream¬ 
ing ability was destroyed by heat or homogenization, was frozen, the fat 
concentration of the unfrozen portion increased progressively with the extent 
of freezing, while that of the frozen portion decreased at first, but finally 
approached the fat percentage of the original milk as the extent of freezing 
approached 100 per cent. Trout (4) reported that when homogenized milk 
Was frozen and then thawed a marked settling of the fat and solids-not-fat 
was noted. The lower 15 per cent of creaming cylinders of slowly thawed 
.frozen homogenized milk contained as high as 7.7 per cent fat and 24.60 per 
cent total solids in contrast with 2.0 per cent and 5.50 per cent, respectively, 
in the upper 15 per cent layer. Fabian and Trout (5) found that from a 
bacteriological standpoint there is no reason why clean, wholesome, fresh 
cream cannot be pasteurized and stored for a period of 1 year in glass, paper, 
or tin containers at temperatures ranging from -5° to -10° F. 
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PROCEDURE 

Sections of the homogenized milk were obtained for analysis by dividing 
the quart samples, while frozen, either into thirds, or into halves. 

The following methods of analysis were used: 

a. Protein—Kjeldahl-Gunning-Arnold Method using the factor of 6.38. 

b. Fat—Mojonnier Method. 

c. Total solids—A.O.A.C. Method. 

d. Lactose—Munson-Walker Method. 

e. Chloride ion—Volhard Method using the milliequivalent value of 
0.00355. 

f. Ash—Heated in a muffle furnace at a temperature not higher than 
525° C. 

g. Bacteria—The bacteria content of the milk was determined by the 
standard plate count in accordance with the method as outlined in 
Standard Methods for the Examination of Dairy Products, APHA, 
8th edition, 1941. The plates were incubated at 37° C. 

EXPERIMENTAL RESULTS 

Chemical 

The results of the chemical analyses of aliquots from different sections 
of quart samples of homogenized milk, frozen in paper containers of one 
quart capacity and stored under various conditions, are shown in table 1. 
The analyses of two samples of the homogenized milk prior to freezing gave 
the following average values: protein, 3.24 per cent; fat, 3.72 per cent; total 
solids, 12.26 per cent; lactose, 4»77 per cent; and chloride, 0.095 per cent. 

Table 1 shows that when homogenized milk was frozen and stored in the 
frozen state the solid constituents were more concentrated in the bottom 
section. When the quart samples were divided into two equal parts the lower 
halves contained a larger proportion of the milk solids. Analyses of the 
frozen samples after divisions into three equal parts disclosed the fact that 
the highest concentration of milk solids was in the bottom third, the next 
highest concentration was in the middle third, and the lowest was-in the top 
third. It may also be seen from table 1 that the analyses of the middle third 
were in good agreement with those of unfrozen milk, as well as samples of 
milk which had been frozen and stored and then thawed. Those slight dis¬ 
crepancies which occurred may be attributed to experimental error, espe-’ 
dally in samples showing separation. 

The data in table I, A, were obtained by the analysis of milk samples 
frozen and held at -10° C. (14° F.) for 21 to 100 days, at - 32.8° C. (- 27° 
F.) for 30 to 109 days, and at -40° C. (-40° F.) for 51 to 82 days. The 
analyses of the individual samples indicated that the freezing and storage 
temperatures as well as the storage time may influence the distribution of 
the milk solids between the various sections of the frozen milk. 



TABLE 1 

Chemical analyses of different sections of homogenized milk frozen in quart paper 
containers and stored under various conditions 


No. 

Section 

% 

% 

% Total 

% 

% 

% 

samples 

analyzed 

Protein 

Fat 

solids 

Lactose 

Chlorides 

Ash 

A. 

Frozen and stored at constant temperature (-30° C., -32.8° 0., -40° C.) 


Top third 

2.55 

2.77 

9.85 

3.85 

0.077 

0.58 

8 

Middle third 

3.17 

3.48 

12.27 

4.81 

0.095 

0.74 

: 

Bottom third 

3.66 

4.23 

13.94 

5.45 

0.104 

0.82 

i 

Top half 

3.09 

3.16 

10.88 

4.11 

0.093 



Bottom half 

3.88 

3.91 

13.65 

5.13 

0.116 


n 

Whole quart 

3.35 

3.64 

12.66 

4.79 

0.096 

0.73 


B. Frozen and held at -32.8° C., or -10° C., followed by storage at a lower temperature 

f-40<M\ or -32.8° O.) 


Top half 

3.03 

3.03 

10.71 

3.99 

0.093 

Bottom half 

4.0u 

3.92 

13.94 

5.20 

0.117 


C. Frozen and hold at -40° C., — 32.8 15 C., or — 30° C., followed by storage at a higher 
temperature (-32.8° 0., -10° C., or -3° C.) 



Top third 

2.25 

2.56 

8.77 

3.33 

0.067 

0.51 

10 

Middle third 

3.14 

3.30 

12.15 

4.67 

0.093 

0.73 


Bottom third 

3.98 

4.04 

15.3 7 

6.07 

0.115 

0.9O 

<! 

Top half 

3.16 

l 3.33 

13.21 

4.14 

0.093 


U 

Bottom half 

3.80 

3.93 

13.51 

4.99 

0.117 



]). Frozen and held at -32.8°C. or -10°C., exposed to room temperature (23° 0.) 
for 4 hour, then stored at — 10°C. 



Top third 

2.37 

2.39 

9.44 

3.49 

0.070 

0.53 

21 

Middle third 

3.15 

3.14 

12.06 

4.61 

0.094 

0.69 


Bottom third 

3.75 

3.74 

14.24 

5.56 

0.107 

0.81 

o 

Top half 

2.95 

2.99 

10.46 

4.00 

0.091 



Bottom half 

3.97 

3.94 

13.91 

5.35 

0.117 



E. Frozen and held at - 32.8° C. or -10° C., exposed to room temperature (23° C.) 
for 1 hour, then stored at —30° C. 


24 

o 

Top third 
Middle third 
Bottom third 
Top half 
Bottom half 

2.53 

3.08 

3.36 

3.04 

3.84 

! 2.52 

2.71 
3.42 
3.13 
3.80 

9.97 

32.33 

13.58 

10.98 

13.38 

3.84 

4.83 

5.15 

4.20 

5.01 

i 0.076 
0.095 
0.099 
0.095 
0.112 

0.61 

0.73 

0.7S 

1 

F. Frozen and held at - 

32.8° C. or -10* C., exposed to 
for 2 hours, then stored at -10 

i room temperature (23^ C.) 

°C. 


Top third 

2.51 

2.61 

9.82 

3.64 

0.070 

0.54 

24 | 

Middle third | 

1 2.83 

2.87 

1 12.04 

4.62 

0.093 

n.67 


Bottom third 

3.66 

3.40 

14.12 1 

5.47 

0.106 

0.82 


Top half 

2.87 

2.90 

10.23 

3.85 

0.088 

l 


Bottom half 

1 3.97 

3.87 

1 13.96 

5.29 

0.120 

1 _ ___ 


G. Frozen and hold at -32.8°0. or -30°C., exposed to room temperature (23°C. ) 
for 4 hours, then stored *at -10° C. 



Top third 

1.83 

2.09 

7.58 

2.72 

0.054 

0.50 

24 

Middle third 

2.81 

2.75 

11.42 

4.33 

0.084 

0.70 


Bottom third 

4.47 

3.92 

17.69 

7.01 

0.136 

0.99 

C) 

Top half 

1.83 

1.88 

6.56 

2.40 

0.056 



Bottom half 

4.93 

4.58 

17.32 

6.57 

0.145 
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Table 1, B, presents the data obtained when two samples of homogenized 
milk were frozen at - 32.8° C. (- 27° P.) then moved to - 40° C. (- 40° P.); 
two frozen at -10° C.. (14° F.) then moved to - 32.8° C.; and two frozen at 
-10° C. then moved to -40° C. The milk was held at the initial freezing 
temperature for 9 days and at the lower temperature for 54 to 80 days prior 
to analysis. The results given in table 1, A and B, show that lowering the 
storage temperature of frozen homogenized milk did not significantly affect 
the distribution of milk solids. 

As indicated in table 1, C, some of the samples were frozen at - 40° C. 
(- 40° F.) and moved to - 32.8° C. (- 27° F.) or to -10° C. (14° F.); some 
were frozen at - 32.8° C. then moved to -10° C. or to - 3° C. (26.0° F.); and 
others were frozen at -10° C. and moved to - 3° C. The samples were held 
for an average of 3 days at the lower temperature and for an average of 
70 days at the higher temperature prior to analysis. A comparison of the 
results in C with those in A and B (table 1) indicates that moving frozen 
milk to a higher storage temperature does not materially affect the results 
of the chemical analyses of the different sections of the sample. 

The data presented in table 1, E, F, G, and H, were obtained by the 
analysis of samples which were exposed to room temperature for various 


TABLE 2 


Effect of freezing and storage temperatures on the standard plate count of 

homogenized milk 


No. samples 


Average storage time 
(days) 


Average standard plate 
count per ml. 


A. Frozen and held at constant temperature (-40° C., -33° C., or - 30° O.) 


3 

3 

r >6 

88 

31,000 

12,000 

B. Frozen and stored at a 

constant temperature (-10° C.) then moved to a lower 
temperature (- 33° C.) 

1 

59 

15,000 

1 

92 

20,000 

C. Frozen and stored at a constant temperature (- 33° C. or - 40° C.) and then moved 

to a higher temperature (-10° C. or - 33° C.) 

3 

53 

2,000 

3 

85 

3,000 


D. Frozen and stored at a constant temperature (- 33° C. or -10° C.) exposed to room 
temperature, then stored at -10° C. 


2 (exposed £ hr.) 
2 (exposed i hr.) 
2 (exposed 1 hr.) 
2 (exposed 1 hr.) 
2 (exposed 2 hrs.) 
2 (exposed 2 hrs.) 
2 (exposed 4 hrs.) 
2 (exposed 4 hrs.) 


59 

4,000 

92 

7,000 

59 

3,000 

92 

4,000 

59 

3,000 

92 

6,000 

59 

3,000 

92 

6,000 
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lengths of time between storage at two different freezing temperatures. 
These conditions were intended to simulate those which occur when frozen 
milk is moved from storage to a freezer on a ship. A comparison of the 
results shown in E, P, G, and H with each other and with those in C demon¬ 
strates that such conditions did not affect the distribution of milk solids 
unless the frozen milk was exposed to room temperature for four hours. 
After four hours there was a considerable increase in the concentration of 
milk solids in the lower section and a corresponding decrease in the upper 
section. 

Bacteriological 

Standard plate counts were performed on samples of milk prior to freez¬ 
ing and again after freezing and storage under different conditions in order 
to determine whether these environments permit multiplication of bacteria. 
The average plate count of the milk prior to freezing was 28,000 per ml. 
Table 2 shows the average plate count after the milk had been frozen and 
stored. 

The data in table 2 indicate that freezing milk and storing it in the frozen 
state had a tendency to lower the number of bacteria per milliliter as deter¬ 
mined by the standard plate count and further that the bacterial content 
was not materially affected by changes in storage time and temperature, or 
by exposure to room temperature for four hours. 

Results obtained on individual samples indicated that the count was not 
influenced by the freezing or storage temperatures. 

SUMMARY 

It has been found that when homogenized milk is frozen the solid com¬ 
ponents tend to concentrate in the lower portions of the sample. This distri¬ 
bution was not materially affected by changes in freezing and storage tem¬ 
perature. Exposure of the frozen milk to room temperature (23° C.) less 
than four hours did not alter the distribution of the milk solids, but at that 
time there was a significant shift of the solid components toward the lower 
portion. 

Changes in the temperature at which frozen homogenized milk was stored 
did not materially affect the chemical composition of the different sections 
of the quart samples. 

The chemical analyses of the various sections of frozen homogenized milk 
were not affected by exposure to room temperature, 23° C. (73.8° F.), unless 
the milk was exposed for four hours. When the milk was exposed for four 
hours there was a considerable increase in the percentage of milk solids in the 
bottom third and a considerable decrease in the percentage of the constitu¬ 
ents in the top third of quart samples. 

Homogenized milk that was frozen and subsequently thawed at room 
temperature (23° C.) changed in physical character. The degree of change 
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was dependent upon the freezing and storage temperature and tbe length 
of storage. However, these conditions did not cause any significant change 
in the chemical character of the milk, indicating that the chemical character 
of frozen homogenized milk does not contribute to the physical changes. 

Freezing and storing homogenized milk in the frozen state had a ten¬ 
dency to lower the number of bacteria per milliliter as determined by the 
standard plate count. This decrease was not materially affected by freezing 
and storage temperatures, by changes in the storage temperature, or by 
exposure to room temperature for four hours. 
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TOXICITY OF PHENOTHIAZINE DERIVATIVES EXCRETED IN 
THE MILK OF DAIRY COWS TREATED WITH MASSIVE 
DOSES OF THE DRUG* 

GEORGE II. WISE,i C. A. JAMES, III ,2 and G. W. ANDERSON3 
Dairy Department , South Carolina Agricultural Experiment Station , 

Cle m son College , Clcmson, S. C. 

The effectiveness of phenothiazine as an anthelmintic lias resulted in its 
widespread and, in some cases, indiscriminate administration to animals. 
In recent years the recognition of the toxic reactions of this drug has led to 
increased caution in its dosage. Stewart (8), in a review of the subject, 
indicated that man and the bovine are the most susceptible specie's to pheno- 
thiazine poisoning, and that the young are less resistant than the adults. 
Hence, it would appear that the infant might be highly sensitive to this 
drug. 

Portions of phenothiazine derivatives are excreted in the milk of lactat- 
ing ewes (!)) and goats (6) following medication. Though milk con¬ 
taminated with these derivatives usually is diverted from food channels, 
occasionally it is offered inadvertently for human consumption (1), thus 
constituting a potential health hazard. 

Adult cattle ordinarily are not heavily infested with internal parasites, 
but the unthrifty condition of a cow in areas where parasitic infestation is 
common may lead to phenothiazine therapy. The possibility that milk from 
a cow treated with this drug might be fed to infants presented a problem 
warranting investigation. In this study single massive doses of pheno- 
thiazine were given to individual lactating cows for the purpose of ascer¬ 
taining; the clinical effects on the cows, the period of elimination of the 
phenothiazine derivatives in the milk, and the toxic effects of the contamin¬ 
ated milk 011 young rats. 

EXPERIMENTAL 

Effects of massive (Joses of phenothiazine on lactating dairy cows . A 
representative of each of three breeds, Guernsey, Holstein, and Jersey, were 
used in this investigation. Pertinent data on the experimental subjects are 
presented in table 1. 

The cows were in an excellent state of health. They were subjected to 
standard managerial and feeding practices; the rations, consisting of a 

Received for publication September 26, 1946. 
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TABLE 1 


'Experimental cows that received massive doses of phenothiasine 


Breed 

Age 

Body 

weight 

Stage of 
gestation 

Stage of 
lactation 


years 

lbs. 

days 

days 

Guernsey . 

7 


78 

210 

Holstein 

5 


154 

182 

Jersey 

8 

990 

51 , 

1 I" 


concentrate mixture, beet pulp and either hay or silage, were fed twice 
daily, at the milking periods. 

Each cow was dosed with 125 grams of commercial phenothiazine, which 
amount was approximately twice the maximum recommended for adult 
cattle. Observations during the four days following medication revealed 
no changes except a precipitous drop in the milk production of two of the 
cows and a slight decrease in that of the third. The milk yields persisted at 
the lowered level for two to three days but subsequently returned to the 
pre-treatment level for the Holstein and the Jersey cows, the higher pro¬ 
ducers, but remained low for the Guernsey. 

Abnormal red coloration was observed on the udders of the cows the day 
following the administration of the drug. This, presumably, was the result 
of oxidation of the phenothiazine conjugates (5, 9) in the urine that had 
come in contact with the surface of the udder. 

Period of excretion of phenothiazine derivatives in the milk. In ac¬ 
cordance with common practices the cows were milked at 12-hour intervals. 
Samples of milk from the individual animals were collected at each milking 
for a period of 72 hours following administration of the drug. 

Determinations of the presence of phenothiazine derivatives were made 
by qualitative methods described by Collier (5). Acidification of the milk 
samples with strong hydrochloric acid, producing a mauve color, was the 
most satisfactory test used. Exposure of the samples to air and light for 
several hours resulted in the development of a pink color in the serum phase 
of the milk. This color was difficult to detect in samples having a high 
carotenoid content.; the yellow seemed to mask the pink. In addition to the 
procedures indicated by Collier (5), it was found that mixing “Aerosol”, 

TABLE 2 


Period of elimination of phenothiasine derivatives in milk following medication 


Breed 

Hour8 after dosing 

12 

24 

36 

48 

60 

72 

Guernsey 


+++ 

++ 

+ 

+ 


Holstein .. 


+f 

+ 

- 

— 

- 

Jersey . 


+H* 

++ 

+ 

+ 

- 
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a surface-tension-reducing reagent, with milk containing the conjugates of 
phenothiazine produced a transitory pink color, which was adequate for 
detection but unsatisfactory for estimating the degree of concentration. 

As shown in table 2, the phenothiazine products were in the milk for 
periods of 36 to 60 hours after dosing. The highest concentrations ap¬ 
parently were in the first milking following administration. 

Toxicity of phenothiazine derivatives excreted in the milk of the cows . 
Samples of milk collected from the individual cows at the 12-hour and the 
24-hour periods were fed to young rats to ascertain whether any toxic re¬ 
actions would be evinced. Immediately after the collections, half of each 
sample was stored in the raw state at 35° F., but the other half was boiled 
for three to five minutes (recommended treatment of milk for infant feed¬ 
ing) before storing. 

Thirteen month-old rats, grouped as indicated in table 3, were restricted 
to diets of the various milk samples for 72 hours. During a preliminary 


TABLE 3 

flairs at which young rats consumed various samples of milk containing 
phenothiazine derivatives 


Samples of milk fed 

No. of 
rats 

Av. wt. 
of rats 

Daih consumption per 

100 grams of body wt. 

Period of 
collection 

Treatment 

Average 

Range 




grams 

ec. 

! cc. 

12-hour 

None 

3 

55 

70 

i 63-78 


Boiled 

3 

65 

74 

1 72-79 

24 hour 

None 

3 

52 

74 

71-80 


Boiled 

3 ! 

| 55 

71 

( 63-83 

Daily (herd) 

Pasteurized 

l ! 

1 57 

77 | 



adjustment period of 60 hours, the individual rats were fed pasteurized 
whole milk ad lib. The pasteurized milk diet was replaced by the experi¬ 
mental samples, a fresh supply being provided twice daily. 

The rate of consumption of the milk samples, as shown in table 3, re¬ 
veals a marked individual variation but no significant group differences. 
Evidently the presence of the phenothiazine conjugates in the milk did not 
change its palatability. Clinical examinations of the rats during and after 
the milk feeding period revealed no discernible toxic effects. 

DISCUSSION 

In accord with the report of Britton (4), the phenothiazine derivatives 
eliminated in the milk seemed to have a preservative value. The milk 
samples containing the conjugates were in excellent condition after storage 
for 31 days at 35° F. Furthermore, as noted by Swales and Collier (9), 
samples exposed to light and air in a warm room for several days showed no 
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evidence of decomposition. These properties, either bacteriostatic or bac¬ 
tericidal, have been ascribed to the oxidation product, tliionol (4). The 
microbiological phase of the subject merits further investigation. 

Boiling the milk for several minutes apparently modified neither its 
physiological effects on rats nor its qualitative reactions to various agents. 
The effects of extensive boiling, producing a concentration of the products, 
were not investigated. This type of treatment, however, is beyond the 
limits of practical measures used in the home preparation of milk for direct 
consumption. 

Although phenothiazine derivatives are eliminated in the milk of cows 
treated with the drug, the concentration of these conjugates from recom¬ 
mended therapeutic doses probably is too small to cause serious toxic re¬ 
actions in the consumer. No ill effects have been demonstrated in pigs (2), 
kids (6) and lambs (9) that have consumed milk from their respective dams 
treated with the commonly prescribed doses of phenothiazine. In recovery 
trials with sheep Swales and Collier (9) observed that between 80 and 85 
per cent of a therapeutic dose of phenothiazine was eliminated in the feces 
and urine; thus only a small percentage could be excreted in the milk. 

Though it is hazardous to attempt to translate experimental findings, 
jmrticularly in toxicity studies, from young rats to infants, the results of 
this investigation suggest that milk from cows given a therapeutic dose of 
phenothiazine is not likely to be toxic to the normal human subject. The 
cows in this experiment were given twice the recommended amount, which 
should have produced a concentration of derivatives in the milk at least as 
great as the maximum from the standard doses given to any other adult 
cattle. Furthermore, the rats, though more resistant than the human being 
(8), consumed quantities of milk per unit of weight from five to six times 
greater than normally would be fed to babies (7). 

The element of human variation in susceptibility to phenothiazine, as 
indicated in results reported by Bercovitz et al. (3), warrants adherence to 
the general recommendation that milk from cows treated with the drug 
either be discarded or be used for purposes other than human consumption 
during the period that the derivatives are excreted. This introduces the 
problem of determining whether or not the conjugates are in the milk. 
Since the pink color that develops upon exposure to air frequently is dif¬ 
ficult to detect in milk having highly pigmented fats, this procedure, though 
practical, cannot be regarded as an infallible indicator of the absence of the 
derivatives. Therefore, as a precautionary measure, it probably is well to 
divert the milk from food channels for a period of two to three days follow¬ 
ing medication. 

SUMMARY 

1. Oral administration of 125 grams of commercial phenothiazine, over 
twice the maximum recommended therapeutic dose, to healthy adult lactat- 
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ing cows produced no detectable deleterious effects other than a temporary 
repression of milk production. 

2. Derivatives of phenothiazine were detected in the milk for periods of 
36 to 60 hours following administration of the drug. 

3. Young rats restricted to diets of the milk collected at the 12-hour and 
the 24-hour periods after dosage manifested no discernible symptoms of 
toxicity. 
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A DEVICE TO AID IN DETERMINING THE EFFECTIVENESS 
OF DAIRY DETERGENTS 


E. L. FOUT8 and T. E. FREEMAN 
Florida Agricultural Experiment Station, Gainesville, Florida 

A wide variety of water types is found in Florida. Because of the 
widespread limestone deposits, waters of widely varying degrees of hardness 
are encountered. Also, because of the proximity of the Atlantic Ocean and 
the Gulf of Mexico considerable concentrations of salt are found in the water 
in certain areas. A project is in progress to determine the most suitable 
washing powders to use with the various types of water. It is not the pur¬ 
pose of this paper to report the results of the experiments on washing 



Fig. 3. Petorg-O-Meter—A h apparatus designed to test the efficiency of dairy 
cleaners. Glass slides with a haked-on milk film are fastened onto the rim of the wheel 
by moans of metal clips. The wheel is then lowered into water at 50° C. containing the 
washing powder to 1 be tested. The wheel turns slowly, dipping the slides into the water 
and thon rubbing them against tho sponge rubber brush. The average number of revo¬ 
lutions required to clean the slides gives an index of the efficiency of the cleaner. 

powders but to describe the apparatus being used to aid in determining the 
effectiveness of various washing powders in cleaning dairy equipment. 

The wide scope of this problem suggested the need for a mechanical device 
to aid in making washing trials. Since no such device was available, one 
was built. It has been named the Deterg-O-Meter. It consists of a 16-inch 
metal bicycle wheel mounted in a pivoted frame which permits vertical move¬ 
ment, powered by an electric motor and geared to turn at 7 r.p.m. Evenly 
Received for publication September 30, 1946. 
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TABLE 1 


Method of determining the “noil removal index” 


Washing powder No. 1 


Trial number 

Revo- 



o 




lutions 







• 

Slide number 

Slide number 


Slide number 


40 

1,13 

80 

14 

40 

5,6 

80 

r>u 

2,3,4,6,8,9,10, 


1,8,9,12,17,2, 


2,4, 8, 9,10,11,13 

350 


12,16 

450 

10,11 

400 



00 

5,11,14,17,18 

300 

5, 6,7,13,16,18 

360 

1, 3,12,14,16,17, 







18 

420 

70 

7 

70 

3,4 

140 

7 

70 



900 


940 


920 


900 „ 


940 _ „ 


920 „ 



—- - 52.9 


——— 55.3 


t —■=-= »4.1 



17 


17 


17 



52.9 4 55.3 + 54.1 






* 

3 

- 54.1 soil removal index 





• 

Washing powder No. 2 




20 

18 

20 

1, 2, 7,12,13, 16 

120 

11,12 

40 

30 

1,2,5,6, 7,11,12. 






■ 

13,14,15,16 

330 

8, 10,11,14,17,18 

180 

1,3,4,6,9,13,14,15 

24o 

40 

3,4,9 

120 

4, 5, 6, 9 

160 

2,5,7,10,16,17 

240 

50 

8,10 

100 

3,15 

100 

18 

50 

00 





8 

60 



570 


560 


630 


570 00 _ 


560 , 


630 _ 



—=33.5 

* 

*—=31.1 


—= 35.0 



17 


18 


18 



33.5 4 31.1 4 35.0 







3 

- 33.2 soil removal index 




Washing po wder No. 3 

30 

4 

30 

7 

30 



40 





12 

40 

50 





13 

50 

60 

9,11 

120 

1,2, 6,12 

240 

2, 9, 11 

180 

70 

5, 8,10,12,18 

350 

9,11,13,15 

280 

1,3, 6,10,14,17 

420 

80 

2, 3, 7,14,17 

400 

5, 8,10,14,17 

400 

15,18 

160 

90 

6,13,16 

270 

16,18 

180 

4,7 

180 

100 

1 

100 



8 

100 

110 



4 

110 



120 

15 

120 



5 

120 

130 







140 



5 

140 





1390 


1380 

1250 


1390 0 


1380 „ 


1250 „ 



-—-71.2 


——=76.6 


-—=73.5 



18 


18 


17 



77.2 4 76.6 4 73.5 . 
3 

= 75.7 soil removal index 
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spaced around the rim of the wheel are 18 numbered metal clips, which hold 
securely 18, 3 by 1 inch glass microscope slides. 

Milk films are prepared on one side of the clean slides by spreading 0.4 
ml. of whole milk evenly and uniformly over a rectangular area | by 1J 
inches. The slides then are heated in an oven for 3 hours at 120° C. which 
produces a tough hard film which is very resistant to cleaning. 

Four liters of the water to be tested containing a weighed amount of the 
washing powder to be tested are warmed to 50° C. and poured into the pan. 
The slides are slipped under the numbered clips and the wheel is lowered so 
that when it revolves it dips into the water. The temperature of the water 
is maintained at 50° 0. by means of a hot plate under the water bath. Im¬ 
mediately after dipping into the water, the slides rub against the sponge 
rubber brush. As the slides become clean they are removed from the wheel 
and a record is made of the number of revolutions required to remove the 
film. The average number of revolutions required to clean the 18 slides is 
determined. 

Second and third runs are made and if these 3 runs check within 5 revo¬ 
lutions, the average of the 3 runs (54 slides) is accepted as being accurate. 
If the first 3 trials fail to cheek within 5 revolutions, additional runs are 
made until satisfactory cheeks are obtained. The brush is made of sponge 
rubber refrigerator door gasket material and a new brush is installed after 
each 20 runs. The data shown in table 1 illustrate the procedure used to 
calculate the “soil removal index.” Other tests also are being made to aid 
in determining which powders are most suitable for washing dairy equip¬ 
ment in the various types of Florida water. 
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NOMINATING COMMITTEE 

The nominating committee consists of the following members: 

Chairman: A. C. Ragsdale, University of Missouri, Columbia, 
Missouri 

J. A. Nelson, Montana State College, Bozeman, Montana 
I. W. Rupel, Texas A. & M. College, College Station, 
Texas 

Floyd Johnston, Iowa State College, Ames, Iowa 
H. W. Norton, Holstein-Friesian Ass’n of America, 
Brattleboro, Vermont 

The Constitution and By-laws of the American Dairy Science Associa¬ 
tion provides for the publication of the names of the nominating committee 
in the January issue of the Journal op Dairy Science. It is the duty of 
this Committee, of which A. C. Ragsdale is the present chairman, to send its 
report to the secretary not later than April 1. The secretary will then send 
out the ballots to secure a final vote before the annual meeting. The results 
of the election will be announced at the annual meeting. 

As a lumber of the Association, it is your obligation to express your 
wishes for officers and directors to any member of this Committee. Two 
candidates for vice-president and four for directors will be nominated. 
The present vice-president automatically becomes president. 

The Nominating Committee will give consideration to the wishes of the 
members as expressed by correspondence and also will consider additional 
candidates. They have been instructed to study the list of past officers and 
directors (see pages 803 and 804 of the August, 1943, Journal) to plan to 
secure good geographic distribution and to recognize the desirability of 
representation from all lines of activity of our members. 

This change in the Constitution was made so that our Association could 
elect its officers in a democratic way. This can only be done, however, if 
our members are prompt in giving their opinions freely to the Nominating 
Committee. 
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OFFICERS AND COMMITTEES OF THE EXTENSION SECTION 

With the exception of the Program Committee, all committee members 
are appointed for a period of three years. 

The Program Committee is automatically appointed by the election of 
the officers of the Extension Section: It consists of the Chairman, Vice- 
Chairman, Secretary, and an Extension Representative from the host state. 

Committees made up of five members retire one member every third 
year, and at the two intervening years two men each are retired. Vacancies 
caused by the expiration of a term are filled by three-year appointments. 
All appointments expire immediately following the annual meeting in the 
year designated. 

In addition to five committees made up of members entirely in the Ex¬ 
tension Section there are three joint committees with the Production Sec¬ 
tion. These committees have three men represented from each section and 
each year one man retires from each sectional group. The chairman of 
these committees is selected jointly by the two section chairmen. 

To be a member of a committee an extension dairyman must be a mem¬ 
ber of the American Dairy Science Association. 

PROGRAM COMMITTEE 

Chairman —W. T. Crandall, Cornell University, Ithaca, New York 

E. H. Loveland, University of Vermont, Burlington, Vermont 
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THE THIAMINE, RIBOFLAVIN, NICOTINIC ACID. AND PANTO¬ 
THENIC ACID CONTENTS OF MARE’S COLOSTRUM AND 
MILK AND ASCORBIC ACID CONTENT OF THE MILK 

P. R. PEARSON 

Nutrition Laboratory, Agricultural Experiment Station and School of Agriculture , 
Agricultural and Mechanical College of Texas , College Station , Texas 

The importance of colostrum to the new-born animal has been empha¬ 
sized by various investigators, and it is generally believed that new-born 
animals having access to colostrum do better than those that arc fed only 
milk. The work of Lundquist and Phillips (8) suggests that some of the B 
vitamins play an important role in the prevention of certain diseases of the 
new-born calf. The work of Gamble, Earle, and Howe (4) emphasizes the 
importance of the proteins of colostrum for foals. While there is extensive 
literature on the vitamin content of milk of various species, information on 
the various B vitamins in colostrum has become available but recently and 
then only for colostrum of the human (2, 14, 15) and the cow and ewe (10). 
These studies show that colostrum differs from milk in respect to various 
members of the B vitamin group. 

The present study was undertaken to provide information on the thia¬ 
mine, riboflavin, nicotinic acid, and pantothenic acid contents of mare’s 
colostrum as compared with mare’s milk. Information on the B vitamins 
of various species is of interest for comparative purposes and possibly in 
the preparation of substitutes for feeding orphaned foals. 

Information on the ascorbic acid content of mare’s milk is very limited, 
and the two values found in the literature differ by about ten-fold. Holmes 
and associates (6) recently reported ascorbic acid values for mare’s milk 
ranging from 0.6 to 2.3 mg. per 100 ml., while the ascorbic acid values re¬ 
ported by Cimmino (1) ranged from 8.7 to 19.7 mg. per 100'ml. of milk. 
The magnitude of the differences in the reported ascorbic acid content of 
mare’s milk is too great to be accounted for on the basis of diet or breed 
differences. Therefore, it seemed desirable to obtain additional information 
on the ascorbic acid content of mare’s milk. 

EXPERIMENTAL 

The mares used for this study represented various breeds of light horses. 
No attempt, was made to control the dietary regimen of the mares. All were 
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fed essentially the same except for the amount of green feed, which de¬ 
pended on season and availability of pasturage. Since riboflavin (12) and 
possibly other (13) of the B vitamins are known dietary essentials, diet may 
be a factor in the concentration in the colostrum and milk of some of the 
vitamins studied. 

The colostrum was collected within 12 hours after foaling. All the milk 
samples were from mares that had been nursing foals for 30 days or longer. 
The samples were collected into brown bottles, and precautions were taken 
against photochemical destruction of any of the vitamins. 

Thiamine was determined by the thiochrome method of Hennessy (f>). 
Riboflavin was determined by the microbiological method (16) on the auto¬ 
claved sample following filtration at a pH of approximately 4.6 to remove 
the proteins and foreign growth stimulants. Nicotinic acid was determined 
by the microbiological method of Krehl. Strong, and Blvehjem (7), with the 
slight modification devised by Pearson and Leucke (11) which was found 
to be satisfactory for colostrum and milk. Pantothenic acid was deter¬ 
mined by the method of Neal and Strong (9), following the enzymatic 
liberation of the vitamin by takadiastase and papain. The Evelyn photo¬ 
electric method (3) described for urine was adapted to the determination of 
the reduced ascorbic acid in milk by precipitating the proteins with an equal 
volume of 10 per cent trichloroacetic acid. 

RESULTS AND DISCUSSION 

Samples of colostrum were collected from eight mares and samples of 
milk from fifteen mares. Milk samples were collected from all of the ani¬ 
mals from which colostrum was obtained except for mare number 1. The 
values for thiamine, riboflavin, nicotinic acid, and pantothenic acid ex¬ 
pressed in micrograms per 100 ml. of colostrum are shown in table 1, 
and the values for milk in table 2. The values for reduced ascorbic acid 
per 100 ml. of milk are shown in table 3. Some of the milk samples for the 
ascorbic acid studies were obtained from animals not appearing in tables 
1 or 2. The mares used for the ascorbic acid studies have, therefore, been 
designated by letter in order to avoid confusion with animals in the first 
two tables. 

Thiamine . The average thiamine content of mare’s colostrum was 38 
pg. per 100 ml. as compared with 16 pg. per 100 ml. of milk. The fact that 
the thiamine content of the milk is lower than the value for colostrum is in 
accord with observations for the cow and ewe (10). The average thiamine 
content of cow’s colostrum is 62 pg. per 100 ml., and of the ewe 108 pg. per 
ml. as compared with 38 pg. per 100 ml. for mare’s colostrum. The corre¬ 
sponding average values for milk of the respective species are 38, 60, and 16 
pg. per 100 ml. The average thiamine value for mare’s milk reported in 
this paper is somewhat lower than the values reported for four animals by 
Holmes ct al (6). 
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TABLE 1 

Thiamine, riboflavin, nicotinic acid, and pantothenic add content of mare’s colostrum 

(Values in pg. per 100 ml.) 


Mare number 

Thiamine 

Riboflavin 

Nicotinic acid 

Pantothenic acid 

1 

65 

162 

155 

700 

2 

40 

135 

167 

750 

3 

37 

112 

114 

800 

4 

21 

125 

150 

900 

5 

34 

125 

185 

425 

6 

34 

120 

178 

400 

7 

38 

165 

200 

950 

8 

40 

160 

134 

1050 

Average 

38 

138 

160 

747 


Riboflavin. The average riboflavin content of mare’s colostrum was 138 
}jg. per 100 ml. as compared with 40 pg. per 100 ml. for the milk. The fact 
that mare’s colostrum is much richer than the milk in riboflavin is in accord 
with the observations on the cow and ewe (10), as cow’s colostrum contains 
more than three times as much riboflavin as does the milk, while in the 
case of the ewe the difference is still greater. It is also of interest that the 
riboflavin contents of the colostrum and milk of the mare are much lower 
than the values for the cow and ewe. Mare’s colostrum contains an average 
of 138 pg. per 100 ml. as compared with 610 pg. per 100 ml. of cow’s colos¬ 
trum and 2008 pg. per 100 ml. of ewe’s colostrum; the corresponding values 
for the milk are 40, 177, and 436 pg. per 100 ml. 

Nicotinic acid . The average nicotinic acid content of mare’s colostrum 
was 160 pg. per 100 ml. as compared with 58 pg. per 100 ml. of milk. The 
nicotinic acid values reported here for mare’s milk are slightly lower than 
values reported previously for four mares (6). The nicotinic acid value 
for mare’s colostrum is higher than the value that has been reported (10) 
for cow’s colostrum, but not as high as the value for ewe’s colostrum. 


TABLE 2 

Thiamine, riboflavin, nicotinic acid, and pantothenic acid content of mare’s milk 
(Values in pg. per 100 ml.) 


Mnre number 

Thiamine 

Riboflavin 

Nicotinic acid 

Pantothenic acid 

2 

22 

37 

50 

400 

3 • 

12 

36 

40 

250 

4 

22 

45 

55 

300 

7 

26 

36 

08 

330 

8 

10 

42 

60 

350 

9 

10 

38 

70 

350 

10 

12 

47 

60 

510 

11 

10 

30 

50 

390 

12 

12 

30 

50 

230 

13 

18 

70 

60 

225 

14 

20 

32 

70 

315 

15 

15 

40 

70 

320 

Average .. . 

16 

40 

58 

331 
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Pantothenic acid. The pantothenic acid value of mare’s colostrum is 
much higher than has been reported for the colostrum of other species. The 
average pantothenic acid content of mare’s colostrum was 747 pg. per 100 
ml. as compared with values of 224 and 262 pg. per 100 ml. for the colostrum 
of the cow and ewe, respectively. The average value of 331 pg. of panto¬ 
thenic acid per 100 ml. of mare’s milk is of the same order as values pre¬ 
viously reported (6) for three animals. At present there is no physiological 
explanation for the high pantothenic acid level of mare’s colostrum or for 
the fact that in this species the colostrum contains significantly more panto¬ 
thenic acid than the milk, whereas cow’s or ewe’s milk contains more panto¬ 
thenic acid than does the colostrum. 

Ascorbic acid. The reduced ascorbic acid was determined on samples of 
milk collected from eight marcs. These mares had been in milk for 2 or 
more months. Prom table 3 it will be seen that the values for reduced 
ascorbic acid ranged from 9.26 to 14.46 mg. per 100 ml. of milk, with an aver¬ 
age of 11.83 mg. This figure is approximately ten times the value reported 


TABLE 3 

The reduced ascorbic acid content of mare’s milk 


Mare number 

mg./lOO ml. 

A 

13.62 

B 

9.26 

. O 

11.95 

D 

14.46 

E 

12.45 

F 

12.95 

a 

9.96 

H 

9.96 

Average . .. 

11.83 


by Holmes and associates (6), but it agrees reasonably well with the values 
ranging from 8.7 to 19.7 mg. per 100 ml. of milk which were reported by 
Cimmino (1). 

As a check on our analytical procedure we determined the reduced 
ascorbic acid in samples of milk from eight cows. The values for cow’s milk 
ranged from 1.3 to 2.2 mg. per 100 ml. These figures agree well with 
numerous values reported for cow’s milk. Thus mare’s milk contains about 
five times as much ascorbic acid as cow’s milk. 

SUMMARY 

Studies were made of the thiamine, riboflavin, nicotinic acid, and panto¬ 
thenic acid contents of mare’s colostrum and milk and of the reduced as¬ 
corbic acid content of mare’s milk. 

Mare’s colostrum was found to contain an average of 38 pg. of thiamine, 
138 pg. of riboflavin, 160 pg. of nicotinic acid and 747 pg. of pantothenic 
acid per 100 ml. The corresponding values for mare’s milk are 16 pg. of 
thiamine, 40 pg. of riboflavin, 50 pg. of nicotinic acid, and 331 pg. of panto- 
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thenic acid per 100 ml. Mare’s colostrum contains significantly less thia¬ 
mine and riboflavin and more pantothenic acid than cow’s colostrum. 
Cow’s milk is richer in each of the four vitamins than mare’s milk. 

The average value for reduced ascorbic acid for mare’s milk was 11.8 
mg. per 100 ml. This is approximately five times greater than the ascorbic 
acid values found in this laboratory and reported in the literature for cow’s 
milk. 

Acknowledgment is made to Frances Panzer for assistance w T ith some of 
the analytical work. 
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A STUDY OF HEAT TOLERANCE IN JERSEY COWS 

R. F. GAALAASi 

Bureau of Dairy Industry, Agricultural Besearch Administration , 

U . S . Department of Agriculture 

In a previous article, the author (1) reported that there was a strong 
correlation between air temperature and body temperature of Jersey cows 
when the air temperatures were above 75° F., and that there was a wide 
variaton in the body reaction of different cows under the same conditions. 
Ithoad (4, 5) has found this to be true also for beef cattle and has proposed 
using the body temperature (converted to a heat-tolerance coefficient for 
convenience) under standardized conditions as one of the criteria for judging 
the suitability of cattle for areas having considerable periods of high air 
temperatures (2, 3). Seath and Miller (6) analyzed data on Jersey and 
Holstein cows in Louisiana and found that relative humidity plays a minor 
role in comparison to air temperature as a factor influencing body tempera¬ 
ture, respiration rate, and pulse rate. 

The author has not found, in the published data on the characteristics 
of the heat tolerance of individual animals, answers to the following ques¬ 
tions: (1) Is the body temperature of the individual sufficiently stable 
from year to year to be a sound measure of the heat tolerance of the animal, 
or, in other words, is the heat-tolerance coefficient a fixed individual char¬ 
acteristic, such as fat percentage? (2) Do the age of the animal, the stage 
of lactation, and the stage of gestation affect the body reaction? (3) Are 
there real differences in reaction between individuals and groups of cows? 
These questions are of considerable importance to the livestock industry 
in the southern United States and in tropical countries, wdiere the produc¬ 
tion of both beef and dairy products is low. This study was made in an 
attempt to answer them. 


EXPERIMENTAL METHODS 

The methods of gathering the data have been described in a previous 
report (1). For this study only the body temperatures in the afternoons 
for the 4-month period of June through September of each year were used. 
The report covers the five summer periods of 1941 through 1945. All body 
temperatures used in this report were obtained in the barn, and the cows 
were grazed on pastures in which shade was available during the test periods 
of each year. 

The heat-tolerance coefficient for each cow was determined by first cal¬ 
culating the body temperature at 90° F. air temperature from linear regres- 

Received for publication October 10, 1946. 

1 Formerly in charge of the dairy work at the Iberia Livestock Experiment Farm, 
Jeanerette, La. Now in charge of the Dairy Station, Mandan, No. Dak. 
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sion equations and then converting this body temperature to a heat-toler¬ 
ance coefficient by use of the equation HT = 100- [14(BT- 101)]. BT 
represents the calculated body temperature and HT the heat-tolerance 
coefficient. This equation is a modification of the one devised by Rhoad 
(2, 3) and is based on the assumption that a body temperature of 108°+ at 
90° P. air temperature and under otherwise normal conditions would in¬ 
dicate complete loss of control in the regulation of body temperature, or 
zero per cent efficiency in eliminating surplus body heat. Conversely, a 
body temperature of 101° F. is considered as normal, and a cow that could 
maintain that body temperature at 90° F. air temperature would be con¬ 
sidered 100 per cent efficient in eliminating surplus body heat. The heat- 
tolerance coefficient is used rather than the body temperature as it is a 
simpler figure to work with and gives a better expression of the degree of 
heat tolerance than does the body temperature. 

An air temperature of 90° F. is used as a base for determining the body 
reaction as the maximum air temperature is 90° F. or higher on about 67 
per cent of the 122 days in the June-through-September period at this 
station. Cattle, therefore, must be able to withstand 90° F. temperatures 
continuously if they are to be considered as well adapted to this area. 

Since there is a known regression of body temperature on air tempera¬ 
ture, it was considered that calculating the body temperature at 90° F. from 
regression formulae would be a more accurate method of determining the 
average body temperature for each animal than using the average body 
temperature within a specified air temperature range. This method also 
permits the use of all readings made during the test period and tends to 
eliminate differences of air temperature from year to year. The number of 
readings used in calculating the regression coefficient for each cow each year 
ranged from 10 to 18, with an average of .16.8 readings being used for deter¬ 
mining each heat-tolerance coefficient. 

One hundred and thirty-seven heat-tolerance coefficients were determined 
for 74 different cows during the 5-year period. Due to unavoidable circum¬ 
stances, there was a rapid turnover in the herd during the period under 
study, and heat-tolerance coefficients were obtained on many of the cows 
for one year only and on only a few cows for more than 2 years. 

EXPERIMENTAL RESULTS 

Table 1 lists the number of cows included each year, the average heat- 
tolerance coefficient for the herd, the highest and lowest heat-tolerance co¬ 
efficients for an individual in each year, and the range of air temperature 
encountered during the summer periods. An analysis of variance showed 
the differences in the yearly means of the heat tolerance to be not significant 
statistically. (The analyses of variance in this report were made by 
methods described by Snedecor (7). The term “significant” or 
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TABLE 1 

Meat tolerance data of all cows, by years 



Number 
of cows 

Heat-tolerance coefficients (%)* 

Air temperatures (°F.) t 

Year 

Average 

Maxi¬ 

mum 

Mini¬ 

mum 

Average 

Maxi¬ 

mum 

Mini¬ 

mum 

1941 

21 

77.8 

90 

62 

86.6 

94 

78 

1942 

34 

76.1 

92 

61 

86.1 

95 

77 

1943 

20 

81.2 

92 

65 

88.4 

96 

80 

1944 

29 

79.2 

90 

68 

90.1 

98 

79 

1945 

33 

77.6 

89 

64 

85.9 

93 

77 

Total or 
average 

137 

78.1 

92 

61 

87.4 

98 

77 


* The maximum is the highest for any individual cow; the minimum, the lowest for 
any individual cow; the average is that for all the cows. 

t The figures given are the average for the four-summer-months periods of June 
through September and the highest and lowest temperatures encountered while taking 
the readings in the barn. 

means that “F” values were between the 5 and 1 per cent points; and the 
term “highly significant ,, or means that the “ F 99 values were larger 

than those required at the 1 per cent level.) 

Since there seemed to be little difference in the average heat tolerance of 
the herd from year to year, the data were grouped by age of the cow at the 
time of determining the coefficient, with the results shown in table 2. 

There would seem to be a real difference between the average heat 
tolerance of the different age groups, since the “j F” value is greater than that 
required for significance at the 1 per cent level. Apparently, there is a 
definite increase in heat tolerance as the cows increase in age from 2 to 3* 
years and probably some decrease again at ages beyond 8 years. An analysis 
of variance of the yearly means for each group was made, and the differences 
were found to be not significant from year to year except for the 3-year-old 
group. There was a wide variation from year to year in this 3-year-old 
group, and the “F” value for the between-year variance was greater than 
required for significance at the 1 per cent level. A possible explanation for 
this difference will be referred to under sire group analyses. 

TABLE 2 


Meat'tolerance data of all cows, by age groups 


Age group* 

Number 
of cows 

Heat-tolerance coefficients 

Average 

Maximum 

Minimum 

6 years and over 

27 

75.8 

92 

61 

5 years to 5 years 11 months 

17 

79.0 

89 

64 

4 years to 4 years 11 months 

28 

79.5 

92 

65 

3 years to 3 years 11 months 

38 

80.8 

92 

69 

2 years to 2 years 11 months 

27 

74.7 

90 

61 

Total or average. 

137 

78.1 

92 

61 


* Age of each cow was figured on August 1 of each year (center of test period). 
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TABLE 3 


Correlation of heat-tolerancS coefficients 


Simple correlation (r) between heat-tolerance 
coefficients of cows determined at: 

r 

Number 
of cows 

2 years of age and same cows at 3 years of age 

+ 0.24 

19 

3 years of ago and same cows at 4 years of age 

-0.21 

21 

2 years of age and same cows at 4 years of age 

+ 0.47 

10 

4 years of age and same cows at 5 years of age 

+ 0.57* 

11 

5 years of age and same cows at 6 years of age 

+ 0.96** 

7 

6 years of age or over and next consecutive year 

+ 0.84* 

5 

4 years of ago or over and next consecutive year 

1 0.66** 

23 


* Near to significance as determined from table 7.2 of Sncdccor (7). 
** Highly significant as determined from table 7.2 of Snedecor (7). 


To measure the stability of the heat-tolerance coefficient for the in¬ 
dividual cow from year to year, correlations were calculated, with the re¬ 
sults shown in table 3. 

It is obvious from these results that the heat-tolerance coefficient deter¬ 
mined at 2 or 3 years of age would have little value in predicting the heat- 
tolerance coefficient of an animal at 4 years or more of age. Thus, while 
there is a definite increase in average heat tolerance from 2 to 3 years of age, 
as noted above, the increase is not at all uniform among the individuals 
studied. The heat-tolerance characteristic does appear to be more stable in 
the older cows. The coefficients of correlation between the heat-tolerance 
determinations made at 4 and 5 years of age, and between consecutive years 
at ages above 6 years, approach the 5 per cent level of significance, and the 
heat-tolerance determinations made at 5 and 6 years of age are almost per¬ 
fectly correlated. The last group of tfible 3 is composed of all cows having 
heat-tolerance coefficients for two consecutive years, made at ages of 4 years 
or more. The correlation coefficient is higher than that required for statis¬ 
tical significance at the 1 per cent level, indicating that among the older cows 
there is a reasonable degree of stability in the heat-tolerance characteristic 
of the individual from one year to the next. 

A considerable difference in heat tolerance of individual cows under 
similar conditions has been regularly noted in the studies here, and an 
analysis of variance was made to determine if these differences are great 
enough to be significant. Since the heat tolerance is unstable at the younger 


TABLE 4 

Analysis of variance of data on body temperatures of individual cows l years old and over 


Source of variance 

df 

Sum of squares 

Mean square 

Total . .. .. 

1208 

808.49 


Betwecn-individual-cow means 

71 

242.01 

3.409** 

Within individual cow .. . 

1137 

566.48 

0.498 


** Highly significant. 
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ages, only those cows were used which had determinations made at 4 years 
of age or older. 

Analyses first were made for each of the five test periods, and the mean 
square of the between-cow variation was found to be highly significant in 
every year, the “F” values ranging from one and one-half to four times 
that required for significance at the 1 per cent level. The analysis of vari¬ 
ance of the data for 5 years is given in table 4. There would seem to be no 
question but that there is a real difference in the body response of the in¬ 
dividual cows to the climatic factors at this station. 

To determine the effect of lactation and gestation on the lieat-tolerance 
coefficient, the data from three groups of cows were studied. Group I cows 
were milking approximately one-lialf of a summer period and dry the 
balance of the same period and were pregnant 180 days or more at the start 
of the dry period. Group IT cows were milking approximately one-half of 


TABLE 5 

Comparison of heat tolerance of cows when milicing and dry 


Group 

number* 

Number | 
of cows ■ - 

Average heat tolerance 

L _ 

Average (lays pregnant— 
start of period 

Milking 

Dry 

Milking 

Dry 

I 

18 

75.5 

77.6 

71.8 

211.0 

11 

5 

85.8 

87.4 

61.8 

107.2 

HI 

6 

7G.5 

78.8 i 

13.8 

100.5 


* Group I were in milk approximately half of a summer period and dry the balance 
of the period and were pregnant 180 days or more at start of the dry period. 

Group II were in milk approximately half of a summer period and dry the balance of 
the period and were pregnant less than 180 days at the start of the dry period. ITcat 
tolerance averages for the milking and dry periods for Groups I and II are, therefore, 
for the same cows in the same year. 

Group III w r ere milking all of one summer period and dry all of the previous or sub¬ 
sequent summer period. Tlcat tolerance averages for the milking and dry periods are, 
therefore, for the same cows in different years. Cows that were 4 years old or over in 
the first year included are the only ones included in this group. 

a summer period and dry the balance of the same period but were pregnant 
less than 180 days at the start of the dry period. Group III cows were 
milking all of one summer period and dry all the previous or subsequent 
summer period. The averages are shown in table 5. 

The differences between the average heat tolerance of the cows when 
milking and when dry are small in all three groups and cannot be considered 
as significant, since the mean square for witliin-group variance is larger than 
that for between milking and dry in each case. Apparently, there is little 
difference in body reaction regardless of the stage of lactation or gestation. 

Since there was a definite difference in the reaction of individual cows, it 
would be desirable to know if this difference is inherited. A comparison of 
sire groups is given in tables 6 and 7. Sufficient data are not yet available 
to attempt to determine the influence of the dam. 




84 


R. F. G A ALA AS 


TABLE 6 


Comparison of heat-tolerance coefficients of groups of daughters of different sires 


Heat-tolerance coefficients of daughters determined at: 


Sire* 


VGM 

571 

137 

715 

82 

140 

60 



2 years of age 

3 years of age 

4 years or more of age 

No. of 
dans. 

Average 

ET 

No. of 
daus. 

Average 

ET 

No. of 
daus. 

Average 

ET 






4 

81.8 






8 

79.0 




5 

86.4 

4 

80.8 

6 

70.2 

7 

75.3 

11 

80.0 

1 8 

78.9 

12 

81.8 

7 

78.7 

! c 

70.2 

10 

81.6 

5 

78.0 

5 

78.4 






* Only those sires having four or more daughters with ET determinations are 
included. 


The averages and the analyses of the sire groups are made on heat-toler¬ 
ance coefficients determined at 2, 3, and 4 years of age and over, separately, 
since it was shown above that the heat-tolerance coefficients are not stable in 
the younger cows. 

The difference between the mean heat tolerances of the sire groups appears 
to be fairly definite for the determinations made at 2 and 3 years of age, 
since the “F” values for these two mean squares fall between the 5 and 1 
per cent points, but there is apparently no appreciable difference between 
the sire-group means where the determinations were made at 4 years or more 
of age. The influence of the sire on the heat tolerance of his daughters 
would, therefore, appear to be negligible, except at the younger ages. 

In the analysis of the yearly means for various age groups (see table 2) 
it w r as noted that the means of the 3-year-old group varied significantly from 
year to year. This is believed due to the fact that in 1941 this group was 
made up entirely of daughters of 137, with a high average heat tolerance; 
and in 1942 of daughters of 715, with a low average heat tolerance (see 


TABLE 7 


Analysis of variance of data on heat-tolerance of sire groups 


Group 

Source of variance 

df 

Sum of 
squares 

Mean 

square 

I ET determined at 

Total 

24 

1,406 


2 years of age 

Between sire groups 

3 

454 

151.33* 


Within sire groups 

21 

952 

45.33 

II ET determined at 

Total 

33 

1,299 


3 years of age 

Between sire groups 

3 

387 

129.00* 


Within sire groups 

30 

912 

30.40 

III ET determined at 

Total 

38 

1,586 


4 years or more 

Between sire groups 

5 

47 

9.40 

of age 

Within sire groups 

33 

1,539 

46.64 


y Significant at 5% level. 
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table 6). In the other 3 years, the 3-year-old groups were made up of 
daughters of two or more sires, and the average heat tolerances were not 
much different from the 5-year average. This is believed to be the only 
place in this study where the sire influence would bias the results, as all of 
the other groups (except in tables 6 and 7) are composed of daughters of 
several different sires. 

CONCUSSIONS 

The following conclusions would appear to be warranted for Jersey cow's 
under conditions prevailing at this station: 

1. Not much change in the average heat tolerance of the herd occurs 
from year to year. 

2. A definite difference in heat tolerance in the different age groups 
exists with the 2-year-olds showing the lowest average and the 3-year-olds 
the highest average. 

3. The heat-tolerance coefficient is a reasonably stable individual charac¬ 
teristic at ages of 4 years and above, but not at 2 or 3 years of age. 

4. There is a real difference in physiological response of different cows to 
the same environmental conditions, as measured by the body temperature. 

5. The stage of Jactation and gestation has little, if any, effect on the 
heat-tolerance coefficient. 

6. There is some difference in the response of groups of daughters of 
various sires when measured at 2 and 3 years of age but little, if any, when 
measured at 4 years of age or more. 
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Information available up to 1942 on the nutrition of the calf has been 
adequately reviewed by Savage and McCay (9). Johnson, Loosli, and May¬ 
nard (4) used purified diets to study the growth requirements of dairy 
calves. They reported growth rates which were below normal when com¬ 
pared to Ragsdale’s standards (7). They stated that poor food consump¬ 
tion, associated with periodic digestive upsets, seemed to be largely re¬ 
sponsible for the slow growth. Madsen, McCay, and Maynard (6) were 
successful in rearing sheep on synthetic rations for a period of 480 days 
after weaning, but obtained less satisfactory results with goats, guinea pigs, 
and rabbits. 

In this paper we report the development of a synthetic diet which is 
satisfactory for the nutrition of the young dairy calf. 

EXPERIMENTAL 

Male dairy calves 24 to 48 hours old which had been allowed to receive 
colostrum were used as experimental animals. They were housed in indi¬ 
vidual metal cages 5x6 feet in size and equipped with heavy wire mesh 
bottoms. When the animals were received, they were given a capsule con¬ 
taining 100,000 I.U. of vitamin A and an injection of anti-scour serum. All 
diets were compounded to simulate milk. For the first week the calves were 
fed from pails equipped with rubber nipples, and at the end of this time 
they were taught to drink from the bucket. The animals were fed at a 
level of one pound of synthetic milk for each ten pounds of body weight. 
They were fed twice a day and given half the daily intake at each feeding. 
All vitamin supplements were given at the morning feeding. The synthetic 
milk was always fed at a temperature of 37° C. 

Received for publication October 14, 1946. 
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The synthetic? milk rations contained 13 per cent solids, similar to the 
solids content of cow’s milk. The casein was dissolved according to the 
method of Bird et al (2). Sodium bicarbonate equal to 4.75 per cent of the 
weight of the casein was added to water at a temperature of 60° C. The 
casein was added slowly to the sodium bicarbonate solution and stirred with 
constant high speed (a “Lightnin” mixer was used 3 ). When the casein 

TABLE 1 


Composition of synthetic milks 


Components 

Ration 

1 

Ration 

o 

Ration 

3 

Vitamins 

added 5 

Mg. per kg. liquid milk 

Ration 

1 

Ration 

o 

Ration 

3 


% 

% 

% 





Casein “Labco M 

30.0 

30.0 

30.0 

Thiamin 

0.39 

0.65 

0.65 

Soybean oil . ... 

12.0 



Riboflavin 

1.95 

0.65 

0.65 

Lard . . 


26.6 

26.3 

Pyridoxine 

0.65 

0.65 

0.65 

Salts li . . 

6.0 

6.0 


Calcium panto- 




Salts 22 



4.0 

thenate 

1.95 

1.30 

1.30 

Cerelose 

47.0 

37.4 

39.4 

Nicotinic acid 


2.60 

2.60 

Wheat germ oil 



0.3 4 

! Ascorbic acid 


13.0 


Livers .... 

5.0 



a-Tocopherol 


l.Oo 






2-Methyl-l,4- 








miphtho- 








quinone 


0.260 

0.260 





Inositol 



26.0 





Choline 



260.0 





p-Aminobenzoic 








acid 



2.60 





Ptcroyl-glutamic 





: 


i 

acid (folic 


i 






acid) 


i 

0.052 


1 



j Biotin 


i 

! 

0.01 





I Vitamin A 

j 5,000 l.U. per dav 





Vitamin D 

| 500 i.r. per day 


1 Salts 446 used in this laboratory, unpublished. 

2 Salt mixture of Phillips, P. H., and Hart, E. B., Jour. Biol. Chem., 109: 657 (1935;, 
and modified by addition of cobalt chloride and increasing the manganese content. These 
salts were preferred because they dissolved more readily in the liquid rations. 

3 A defatted pork liver prepared and donated by the VioBin Corporation, Monticcllo, 
Illinois, through the courtesy of Mr. Ezra Levin. 

4 Tho 2-methyM,4 naphthoqninone, dissolved in the wheat germ oil, and the lard were 
homogenized into the solution of casein, salts, and cerelose. 

0 The water-soluble vitamins were made up in 25 per cent alcohol. 

6 The a-tocopherol and 2-methyl-l,4-naphthoquinone were dissolved in 95 per cent 
alcohol. 

was in solution, cerelose was added. The salt mixture was dissolved in 
boiling water and then added to the casein-cerelose solution. After the 
entire mixture had been stirred for approximately one hour, the fat was 
homogenized into the mixture under a pressure of approximately 3,000 lbs. 
The synthetic milk was then pasteurized and stored in a refrigerator at a 
temperature of 5° C. until used. The synthetic milk thus prepared had a 

3 Manufactured by Mixing Equipment Co., Rochester, New York. 







SYNTHETIC RATIONS FOR THE DAIRY CALF 


89 


pH of 6.5 to 6.8. The compositions of the liquid rations used are given in 
table 1. 

A capsule containing 5,000 I.XJ. vitamin A, 500 I.U. vitamin D, 50 mg. 
nicotinic acid, and 250 mg. ascorbic acid was given each animal daily. 

Two animals, placed on ration 1, appeared to be doing well at the end of 
one Week. During the second week both animals began to scour and ap¬ 
peared to be excreting a considerable amount of fatty material. The scours 
became progressively worse, and the animals refused to eat, lost weight, and 
presented a very unthrifty appearance. An attempt was made to save the 
animals by substituting a diet of cow’s milk and treating scours by adminis- 



Fig. 1 . Growth of calves on soybean oil-skim milk and lard-skim milk rations. Up* 
ward pointing arrow indicates change from soybean oil-slcim milk ration to lard-skim 
milk ration. 

tration of sulfathalidine. Calf no. 1 became worse and died. Post-mortem 
examination vsliowed the cause of death to be infectious scours. The con¬ 
dition of calf no. 2 improved on the diet of cow’s milk and the animal finally 
recovered. 

Gullickson, Fountaine, and Fitch (3) have reported that calves fed a 
diet of soybean oil homogenized into skim milk grew poorly, scoured, and 
appeared emaciated and unthrifty. Since soybean oil was included in 
ration 1, an attempt was made to determine whether this oil could be used 
satisfactorily in calf rations. Calves nos. 2, 3, 4, 5, and 6 were placed on a 
diet of skim milk into which soybean oil was homogenized at a level of 4 per 
cent on the liquid basis. After several days on this diet the animals started 
to scour, became very unthrifty in appearance and grew poorly. The 
volume of fecal material was large and appeared to contain large quantities 
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of undigested matter. The feces contained up to 30 per cent ether extract 
on the dry basis. 

On the soybean oil-skim milk diet, calf no. 3 had severe scours, lost 
weight and became very weak. The animal, changed to a diet of whole 
cow’s milk, still did not improve and was taken off the experiment. Autopsy 
showed the animal had gastro-enteritis. 

Since the other animals (calves nos. 2, 4, 5, 6) were not doing well on 
this diet, it was decided to try some other fat. Lard was selected because the 
work of Gullickson et ah (3) had shown that calves fed a diet of lard homo¬ 
genized into skim milk made good gains in weight, remained in a healthy 
and thrifty condition, and exhibited only occasional scours. The animals 
were changed to a diet of skim milk into which lard was homogenized at a 



FIG. 2. Growth of calves on rations 2, 4, and 5. Break in curve at 7 weeks occurred 
with change to ration 4. Downward-pointing arrow indicates change to ration 5. 

level of 4 per cent on the liquid basis. After several days on this diet the 
animals stopped scouring, became healthy and thrifty in appearance, and 
made gains in weight. The growth data are summarized in figure 1. 

From these results it was apparent that the type of fat used in the diet 
of the dairy calf as of importance. Ration 2 was prepared and homogenized 
with water, as previously described. 

Three animals, calves nos. 7, 8, and 9, were placed on ration 2. They 
made good gains in weight, appeared healthy and thrifty, and scoured in¬ 
frequently. The growth data are given in figure 2. 

After 6 weeks on the liquid diet, a change to a solid diet was attempted. 
The animals would not eat the dry ration except when fed as a slurry. The 
composition of ration 4 is given in table 2. On this ration the animals 
scoured and lost weight. Decreasing the lard content to 4 per cent, chang- 
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ing the salt mixture, or adding roughage (wood flock) did not prevent 
scours. Even the addition of p-aminobenzeie acid, inositol, choline, pteroyl- 
glutamic acid (“folic acid”) and biotin did not improve the condition of the 
animals. Only after the substitution of starch for some of the cerelose did 
the animals stop scouring and gain weight. The composition of ration 5, 
on which the calves showed good growth, appeared healthy and thrifty, and 
did not scour, is given in table 2. 

Rations 1 and 2, previously described, did not give completely satis¬ 
factory results for rearing young calves. The vitamin supplement was 
modified to contain all the pure crystalline compounds that, have been re- 

TABLE 2 


Composition of dry rations 


(’omponents 

Ration 

4 

Ration 

5 

Vitamins added 

Mg. per kg. 

Ration 

4 

Ration 

5 


% 

% 




Casein << Labco ,J 

20.0 

20.0 

Thiamin 

5.0 

5.0 

Lard . 

8.0 

4.0 

Riboflavin 

5.0 

5.0 

Salts 1 

6.0 


Nicotinic acid 

20.0 

20.0 

Salts 2 


4.0 

Pyridoxino 

5.0 

5.0 

Magnesium carbonate 

0.7 


Calcium pantotheuate 

10.0 

10.0 

Cerelose 

65.3 

20.0 

Ascorbic acid 

100.0 


Methionine 


0.3 

p-Aminobensoif acid 


20.0 

Wheat germ oil 


0.3 

Inositol 


200.0 

Wood flock 


10.0 

Choline 


2,000.0 

Starch 


41.4 

Pteroyl-glutamie acid 






(folic acid) 

.. 

0.4 




Biotin 


0.1 




2-Mcthyl-l,4-naphtho¬ 






quinone 


2.0 




Vitamin A 

5,000 I.TJ. per day 


! 

1 


Vitamin P 

500 T.U. per day 


ported to be members of the vitamin B complex. Two animals have been 
raised on ration 3 for a period of 12 weeks. The growth of the calves was 
normal as compared to Ragsdale’s standards (7), and they were healthy and 
thrifty in appearance. The scours occurring on two or three occasions were 
cured by administration of sulfatlialidine. The growth data are given in 
figure 3. 

Ascorbic acid was not included in the vitamin supplement of ration 3 
as it was found unnecessary for the young calf. Several calves have been 
raised without vitamin C in the diet and showed normal growth, appeared 
healthy and thrifty, and did not scour. In addition, they did not develop 
navel ill, which Lundquist and Phillips (5) reported to be caused by a vita¬ 
min C deficiency. Blood ascorbic acid levels have been determined by the 
method of Roe and Keuther (8) and are given in table 3. The values are 
normal by comparison to those reported by Lundquist and Phillips (5), -who 
found the ascorbic acid content of calf blood varied between 0.1 and 0.8 mg. 
per 100 cc. of whole blood. 
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Ascorbic acid was fed to calf no. 7 until 70 days of age and to calves 
nos. 8 and 9 until 56 days of age. After this time these animals received an 
ascorbic acid-free diet. Calves nos. 10, 11, 12, 13, 14, and 15 did not re¬ 
ceive any ascorbic acid during the course of the experiment. The data in 
table 3 show that the blood level of ascorbic acid does not decrease to any 
great extent when the animal is fed an ascorbic acid-free diet. This in¬ 
dicates that the calf can synthesize vitamin C in its body tissues and does 
not need it in the diet. 

♦ 



DISCUSSION 

A synthetic milk diet (ration 3) has been developed for studies of the 
nutrition of the young dairy calf. Day-old calves have been raised on this 
ration for a period of 12 w T eeks. They have shown good growth, w T ere 
healthy and thrifty in appearance, and seldom scoured. 

When the ration was fed in the dry form, less satisfactory results were 
obtained. It may be that the physical characteristics of this diet or the 
method of feeding (as a slurry) caused the unsatisfactory results. Bate, 
Espe, and Cannon (1) have reported that dairy calved did poorly on a diet of 
skim milk and unhomogenized fat. Calves fed the same diet but with the 
fat. homogenized into the skim milk did better. Since rations 4 and 5 were 
fed as slurries, the fat was unhomogenized. This may have been the cause 
of the poor results obtained. 

The data presented in table 3 on the blood levels of ascorbic acid indicate 
that the young dairy calf does not require ascorbic acid. Lundquist and 
Phillips (5) have reported that the young dairy calf requires ascorbic acid 
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only if the animal is receiving an insufficient amount of vitamin A. The 
animals in the experiments reported in this paper all received 5,000 I.U. of 
vitamin A per day. This may account for the fact that the results obtained 
do not show a great decrease in the blood level of ascorbic acid. 

SUMMARY 

1. A synthetic milk has been developed for the young dairy calf. This 
ration will support good growth over a period of 12 weeks from birth. The 
animals raised on this diet were healthy and thrifty in appearance. 

2. On rations containing liberal amounts of vitamin A, the young dairy 
calf does not require vitamin C. 

3. Calves that received soybean oil in the diet grew poorly, scoured, and 
appeared unthrifty, whereas the animals that received the rations prepared 
with lard showed good gains in weight, did not scour, and appeared normal 
and healthy. 

4. The calves did much better in all respects when fed the synthetic milk 
diet than w T hen solid diets fed as a slurry were used. 
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A SUGGESTED MODIFIED BABCOCK PROCEDURE FOR TESTING 

HOMOGENIZED MILK 1 


P. S. LUCAS and G. M. TROUT 

Michigan Agricultural Experiment Station, East Lansing, Michigan 

With increasing consumer acceptance of homogenized milk, considerable 
interest has been shown in the testing of such milk for fat either by the 
standard Babcock method or by a modification. In general, early work and 
statements conflicted relative to the accuracy of the Babcock test for homog¬ 
enized milk. However, there was general agreement that the homogenized 
milk tested within the 0.1 per cent tolerance of the Babcock procedure. 
Some accepted the theory that the fat globules, being reduced in size by the 
process, could not be centrifuged sufficiently to give a test comparable to tha^ 
of nonhomogenized milk; consequently, the Babcock fat t<*st of homogenized 
milk could be expected to be not more than 0.1 per cent lower than that of 
nonhomogenized milk. 

If a slightly lower lest value were the only factor involved iu making a 
Babcock fat test of homogenized milk, likely the regular procedure would 
be necepted and used in routine work. However, workers soon recognized 
that char formation w T as greater in applying the test to homogenized than to 
nonhomogenized milk. This char often gave the appearance of a burned 
test, if loss acid were used, the test often appeared curdy. This char or 
mini usually appeared as a thin disc or plug at the base of the fat column. 
When the char was reduced to a minimum, its presence did not affect ap¬ 
preciably the reading of the fat column. In routine testing, however, the 
presence and appearance of this char in greater or lesser amounts, inters 
mixed with or at the base of the fat column, often led one to question the 
accuracy of the test. Consequently, many modifications of the Babcock pro¬ 
cedure, in part with the aim of preventing char formation and thus increas¬ 
ing the accuracy of the test, have been recommended for testing homogenized 
milk. 

The literature on this subject has been reviewed, in part, in a previous 
paper (9), which showed that at least 12 modifications of the standard Bab¬ 
cock procedure have been recommended for homogenized milk. Variants in¬ 
volved in the different modifications included: (a) strength of the sulphuric 
acid used, (b) amount of acid used, (c) temperature of the acid, (d) addi¬ 
tion of acid ranging from three to five portions, (e) temperature of the milk, 
(f) prolonged mixing of acid and milk, (g) remixing acid-watcr-sermn mix¬ 
ture after centrifuging, and (h) prolonged centrifuging. 

Received for publication October 21,1940. 

* Journal Article No. 339, new series, Michigan Agricultural Experiment Station. 
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EXPERIMENTAL METHODS 

In comparing the various modifications recommended, it became evident 
that the procedures involving prolonged action of the sulphuric acid at a 
relatively high concentration without burning the test offered the best solu¬ 
tion to the problem. This, in effect, entailed the tempering of the milk and 
acid to 70° F., the use of a relatively large portion of the acid (1.83 sp. gr. 
sulphuric acid) at the first addition, thorough mixing oi‘ the acid and milk 
after each addition, and prolonged agitation of the milk-acid mixture after 
all the acid was added. As a result of these observations and after com¬ 
paring the numerous modifications of the test, the following suggested modi¬ 
fied Babcock procedure for testing homogenized milk was adopted : 

(a) Temper the acid and milk to 70° F. 

(b) Use sulphuric acid of 1.83 to 1.835 sp. gr. 

(c) Use the full amount of sulphuric acid (17.5 ml.). 

(d) Add the acid in three portions, 8, 5, and 4.5 ml., respectively. 

(e) Mix the acid and milk by rotary motion after each addition, and 
continue agitation for at least 15 seconds before adding the second 
and third increments of sulphuric acid. 

(f) Shake the tests in a mechanical shaker for at least 2 minutes before 
centrifuging. 

(g) Centrifuge and add hot water in accordance with the regular Bab¬ 
cock procedure. Substitution of a water-alcohol (ratio 1.4:1 by 
weight) solution for the hot water to bring the fat up into the neck 
of the bottle for reading is optional. 

This procedure was followed carefully in testing in duplicate a series of 
36 milk samples, both nonliomogenizod and homogenized. These samples 
also were tested in duplicate by the Mojonnicr method, which was used as 
a standard for accuracy. However, instead of using a voluinetrically mea¬ 
sured approximately 10-gram portion, the samples previously tempered to 
70° F. were weighed carefully on a chemical balance directly into fat-extrac¬ 
tion flasks. 

The nonhomogenized samples were taken from tlie vat after pasteuriza¬ 
tion prior to homogenization. The milk had been kept thoroughly mixed 
during pasteurization and homogenization in order to insure uniform fat 
distribution. The homogenized samples were taken from the cooled, bottled 
product after homogenization was well under way. 

Homogenization was accomplished by means of a 500-gallon-per-hour 
viscolizer at 2500 pounds pressure at 130° F. following pasteurization. All 
the 17.5-ml. portions of milk were pipetted into the calibrated test bottles 
at one time to assure correct sampling after the milk had been tempered 
at 70° F. for two hours. 

In studying the accuracy of the suggested modified Babcock procedure, 
the procedure was tried on the same milk unhomogenized and homogenized. 



"S'S ©jd 

*w © fi 43H 

04-« gg 

gtsis® 

l»“i§ 

.3 bog g § 

S g o*w O 

fis^a-a 

^ £'H : 3 § 
* 0 a a 


© n 

© d o 

a £ a 

o © g 

»i >. 2 

4) Pj5 

© ft 


E « 
S O 

S 4 * 


ft 

p 

p 


© w 
© d o 

p St 
© © « 
£ ts.S 
«a © ft 

•Jt ,© 3 

P •C 


X 

ft 

3 

P 


P 


§ 

1 

Eh 




t- 01 IO O »“3 
HnrtCrt 
© © © © © 
6 6666 


© q 
6 6 


n h -* a ci c; i: o o o m a o « m norr-HSH lo rH co © © 

r~Cln OCn^r-CI OOOr-OO r-'COr^OO r*. rH r-i © © th 

C C; © © c © c © © © © © © © © c c; © © © © c © © © © © 

cd© 666666 © © © © © © oocdcc ©‘ © © 6 6 6 




Cl 

CO 

CO 

© 

eo 


X 

X 


h* X © 

c 


q 

Cl 

eo 

© 

X 

© 

Cl 

© 



© 

1^ 

CO 

1© 

rH 


eo 

X 

LO 

Cl i- 

Cl 

Cl 

rH 

i- 

i'- 

© 


q 

X 


X © © 

*h 


c: 

x. 

c 

© 

© 

© 

I© 

I-' 

© 


X 

t- 

© 

i—i 

© 

1- 

© 

CO 

© 

CO r- 

X 

q 

q 

© 

q 

q 


q 

X 


X X © 

© 

© 

© 

© 

q 

© 

l- 

© 

»0 

q 

rr 

© 

q 

t>. 

q 

X 

© 

© 

q 

q 

© 

X X 

X 

, cd 

cd 

rH 

cd 

cd 


cd 

cd 


cd cd cd 

IO 

q 

q 

id 

*r 

rd 

+ 

TH 



rH 

rf 

rf 

rji 

-H 

cd 

cd 

cd 

cd 

cd 

cd 

cd cd 

cd 

’ »d 

Cl 

Of 

© 

ar. 

q 

q 


« 

© 1- 01 

© 

© 

eo 

i- 

eo 

© 

© 

X 

CO 

c 

t- 

r_, 

1 - 

1C 

■"t 

rf 


Cl 

X 

rf 

Cl 

to © 

X 

© 

© 


i'. 

X 


© 

CO 

c 

i-’ftf. 

-r 


10 

-t 


X 


C 

-T 

© 

© 


© 

X 

© 

© 

c 

i- 


Cl 


co ci 

© 

q 

q 

© 

q 

or 

© 

q 

© 

i - 

x / q 

q 

© 

© 

© 

-+ 

10 


© 

q 

q 

rH 

© 

*0 

q 

10 

X 

l- 

© 

© 

q 

q 

X X 

X 

cd 

cd 


cd 

cd 

q 

cd 

cd 

CO 

cd cd cd 

LO 

*+ 


id 

•t 


+ 

rji 

r}i 

rji 

rf 

rH 

** 

rt 

■•H 

cd 

cd 

cd 

CO 

cd 

cd 

cd cd 

cd 



_ 














_ 




_ 




_ 



_ 







eo © io io ci op x © ci x or h- to rH« 
co co © ci © © cc © c. ^ i- ci © 




■•core© cici-tco© co©rHx-H© ci c 

:CI^0J Cr-r.X^M C.Qtl*rCLO - 


Ci c q x c © 01q oc or q © q © q q io q © lo q co © q q io ot q q q q q ac x. q 
cd cd *H cd cd rH *h cd cd co ed ed id -t -t id -«t -+ th th th rH + «+ cd cd cd cd cd cd cd cd cd 


r- LO CO © rH © 
CO © 01 -H 10 *H 

© © c c © © 

666666 


r-> 1.0 b- © h- CO Cl © Cl C l CO IO © H' rH Id CO © l'- ©. r- C. N H « C 

© C © CJ r- 10 -H C © © r- © H ro Cl © © c: 01 C © Cl © Cl r-J rH CO 

c ©© ©c c ©cq © © © © © © © © c©© c ccqcc© 

© © © ©©doe'© ededdo ©©©©©©' ©coo©© 


X 

CO 

i'-* 

1- 


CO 


© 


© 

© CO 

X 

co 

X 

Cl 

© 

© 

r- 

© 

h- 

10 

© 

1— 

© 

© 

Cl 

r+ 

© 

© 

© 

© 

© 


rH 

© 

© 

CO 

rt 

»0 

© 



© 


© 

I- 

CO 

t". 

Cl 

X 

I’- 

X 

© 

© 

co 

t- 


Cl 

© 

X 


© 

c. 

IO 

Cl 



© 

© 

X 

© 

© 

© 

© 

X 

© 


© 


X 

x q 

© 

© 

© 

© 

rH 

q 

q 

© 

LO 

LO 

q 

© 

q 

q 

1.0 

X 

© 

© 

© 

q 

q 

X 

X 

X 

cd 

cd 

rH 

cd 

cd 

rH 


cd 


cd 

cd cd 

id 

rH 

rt 

id 

rH 

rr 

rH 

"H 

rt 

rH 

rt 

rt 

rH 

rH 

rH 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

»o 

X 

rH 

co 

X 

rH 

X 

© 

Cl 

X 

x © 

Cl 

© 

n 

*+ 

© 


C* 1 


Cl 

10 

10 

© 

rH 

© 

© 

rH 

X 

rH 

i - 

co 

LO 

© 

rf 

© 

co 

Cl 

Cl 

i- 

rH 

X 

© 

© 

© 


rt X 


»0 

i^ 

Cl 

I* 

© 

© 


co 

X 

t’- 

© 

© 

X 

10 

CO 

© 

LO 

© 

Cl 

© 

10 


rH 

q 

© 

© 

© 

© 

© 

© 

© 

q 

X 

X © 

© 

© 

10 

q 

q 

LO 

q 

© 

LO 

10 

X 

© 

q 

q 

q 

X 

q 

© 

X' 

q 

© 

X 

X 

© 

cd 

cd 

*H 

cd 

cd 

cd 

rH 

cd 

cd 

cd 

cd cd 

«d 


+ 

id 

rt" 

rH 

rH 

rH 

*H 

rt 

rH 

rH 

rH 

rH 

rH 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 

cd 


rH + + rH ■+ rf + IO 10 LO 10 10 »C 10 10 LO LO IO »0 >0 »0 10 lO »0 10 LO IO LO »0 10 lO lO UO lO »0 LO 

^4 4^441 "H q rH rH H* rH rt rf rH rH q rH 4* 'Hi >«H ■** Hi rH + rH "t rH rH rH + rf* + q + rH 

co + I x © © 4t uo © t- I © ci co 4no © © chhii nl soolloci eo © i- x X ci 


rt n n H H w NrtnHrip 


11(111 I I I I I I I I I I 

Cl Cl Cl Cl <M Cl ClriHHHH HHHM 


Cl Cl Cl Cl 01 Cl CO CO 


r-i Cl 01 Cl Cl Cl Cl 

.Mill I I I I I I I I I I I I 
T-t pH Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl Cl 01 Cl CO eo 


■< W CO q 10 © NOOOlOHCl CO rH 10 © l- X © © r-l Cl CO rH LO © t> X © © rH W CO rH LO © 
HnH Hrlrlrlrln HCIWCINCI Cl Cl Cl Cl CJ CO CO CO CO CO CO CO 


Averages (Arithmetic) 0.0189 » 4.2015 \ 0.0124 4.2032 0.0177 

(Algebraic) ■ +0.0017 




1)8 


P. S. LUCAS AND G. M. TROUT 


Thus, comparisons are made on homogenized milk tested under the same 
conditions as the nonhomogenized samples. In other words, the regular Bab- 

TABLE 2 


Comparison of modified Babcock and Mojonnier tesls on homogenised milk 


Trial 

no. 

Date 

Modified Babcock teat of milk 

Variation of modified 
Babcock test from 
Mojonnier test 

Not homo¬ 
genized 

Homo¬ 

genized 

Difference 

Not homo 
genized 

Homo¬ 

genized 

Average 

of 

duplicates 

Average 

of 

duplicates 



% 

% 






1 

12-13-44 

3.725 

3.70 

- 0.025 

4 

0.008 

- 

0.014 

2 

12-14-44 

4.00 

4.00 

0.00 

4 

0.070 

4 

0.048 

3 

12-15-44 

4.10 

4.10 

0.00 

4 

0.065 

4 

0.036 

4 

12-18-44 

4.10 

4.10 

0.00 

4 

0.135 

4 

0.124 

.*> 

12-19-44 

3.95 

3.95 

0.00 

4 

0.058 

4 

0.055 

6 

12-20-41 

4.10 

4.05 

- 0.05 

4 

0.092 

4 

0.014 

7 

12-21-44 

4.05 

I 4.025 

- 0.025 

- 

0.018 

4 

0.054 

8 

1-15-45 

4.00 

1 4.00 

0.00 

4 

0.064 

4 

0.090 

9 

1-16-45 

3.80 

i 3.775 

- 0.025 

f 

0.098 

4 

0.069 

10 

1-17-45 

3.925 

3.90 

- 0.025 

1 

0.027 

\ 

0.019 

n 

1-18-45 

3.90 

3.90 

0.00 

4 

0.052 

4 

0.043 

12 

3-19-45 

4.025 

4.00 

- 0.025 

L 

0.048 

4 

0.011 

13 

1-22-45 

5.075 

5.125 

+ 0.05 

t 

0.050 

4 

0.081 

14 

1-23-45 

5.00 

4.95 

-0.05 

4 

0.036 

4 

0.015 

15 

1-24-45 

4.675 

4.65 

-0.025 

1 

0.074 

4 

0.013 

16 

3-25-45 

5.175 

5.15 

- 0.025 

4- 

0.072 

4 

0.086 

17 

1-26-45 

4.525 

4.525 

0.00 

i 

0.052 

4 

0.027 

18 

1-29-45 

4.65 

4.625 

- 0.025 

4 

0.060 

4 

0.03!) 

19 

1-30-45 

4.80 

4.80 

0.00 

h 

0,038 

4 

0.037 

20 

1-31-45 

4.70 

4.70 

0.00 

4- 

0.088 

4 

0.093 

21 

2- 1-45 

4.575 

4.575 

0.00 

4- 

0.041 

4 

0.028 

22 

2- 2-45 

4.625 

4.625 

0.00 

4 

0.045 

4 

0.060 

23 

2- 5-45 

4.475 

4.475 

0.00 

4- 

0.033 

1- 

0.070 

24 

2- 6-45 

4.675 

4.70 

1 0.025 

4 

0.059 

4 

0.058 

25 

2- 7-45 

4.625 

4.625 

0.00 

4 

0.032 

4 

0.034 

26 

2- 8-45 

4.80 

4.80 

0.00 

1 

0.013 

4 

0.019 

27 

2- 9-45 

4.675 

4.60 

- 0.075 

4 

0.101 i 

4 

0.007 

28 

2-19-45 

3.85 

3.85 

0.00 

4 

0.032 

f 

0.040 

29 

2-20—45 

3.725 

3.70 

- 0.025 

4 

0.021 

4 

0.002 

30 

2-22-45 

3.725 

3.70 

- 0.025 

f 

0.075 

4 

0.089 

31 

2-23-45 

3.95 

3.925 

- 0.025 

4 

0.038 

4 

0.014 

32 

2-26-45 

3.775 

3.775 

0.00 

4- 

0.055 

4 

0.044 

33 

2-27-45 

3.775 

3.75 

- 0.025 

4 

0.069 

4 

0.046 

34 

2-28-45 

3.90 

3.875 

-0.025 

4 

0.043 

4 

0.041 

35 

3- 1-45 

3.90 

3.875 

- 0.025 

4 

0.093 

4 

0.054 

36 

3- 2-45 

3.975 

3.925 

-0.05 

4 - 

0.074 

4 

0.035 

Averages 

(Arithmetic) 

(Algebraic) 

4.258 

4.244 

0.018 

-0.014 

0.058 
+ 0.057 

0.045 

4 0.044 


cock procedure was not used as a standard for the nonhomogenized milk. 
It was believed that no modification of the Babcock procedure would im¬ 
prove the accuracy of the regular Babcock procedure on nonhomogenized 
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milk. Consequently, the modified Babcock technique was used on the non- 
liomogenizcd milk also, and the results accepted as though they were ob¬ 
tained by the regular procedure. A few trials run on nonhomogenized milk 
by the regular and modified procedures showed the tests to be comparable 
in every respect. 

RESULTS 

The data are presented in tables 1 and 2. The average tests of the 36 
nonhomogenized and homogenized samples, as determined by the Mojonnicr 
method, were practically identical; the homogenized milk averaged 0.0017 
per cent higher than the same milk not homogenized. A study of the dupli¬ 
cate Mojonnier tests showed less variation, on the average, between the tests 
of homogenized milk than between those of the nonhomogenized milk, al¬ 
though there were several exceptions. 

The modified Babcock method yielded tests on homogenized milk on the 
average within 0.018 per cent of that of the same milk not homogenized. Of 
the 36 tests, 16 (or 44 per cent) checked with those of the nonhomogenized 
milk; 15 (or 41 per cent) were 0.025 per cent lower; one w T as 0.025 per cent 
higher; two were 0.05 per cent low er; one w r as 0.05 per cent higher; and one 
w r as 0.075 per cent lower. The average algebraic difference w T as -0.014 per 
cent low er than that of the nonhomogenized milk. 

DISCUSSION 

In presenting the suggested modified Babcock procedure for testing 
homogenized milk, no claim is made for originality. The suggested tech¬ 
nique resulted from observations made while testing homogenized milk by 
the many recommended procedures, results of which already have been pub¬ 
lished (9). Particular use was made of the principles involved in some of 
the methods (1, 5, 6, 7, 8, 10). During this earlier study (9) it. appeared 
necessary to prolong action of the sulphur acid on the milk at a concentra¬ 
tion to give maximum digestion without burning. Also, continued agitation 
of the acid-milk mixture following final addition of the acid seemed to facili¬ 
tate more complete digestion of the caseous matter. These modifications, 
while involving more time than the regular Babcock method, did not require 
as much time as did some of the suggested methods. Considerable importance 
is associated with the correct temperature, both of the acid and of the milk. 
The procedure used w r as based on temperatures of 70° F. With this tem¬ 
perature a relatively large volume of sulphuric acid could be introduced into 
the milk at the first addition without harmful results. Maintaining maxi¬ 
mum chemical reaction through further additions of acid and prolonged 
agitation before centrifuging seem imperative. 

Also, importance is associated with the addition of the full volume (17.5 
ml.) of sulphuric acid rather than reducing the total volume. This seems 
to be in accordance with the work of Bailey (3), who showed in his extensive 
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studies on the Babcock test that casein was digested with more difficulty 
when fat was homogenized into the solution. Data indicated that, as the 
volume of acid was increased, a lesser percentage of insoluble organic mate¬ 
rial remained in the mixture. 

The feature of remixing the acid-milk mixture after either the first or 
second centrifugings, and before or after the addition of all or a part of the 
water (1, 5, 6, 7, 10), was not incorporated into the suggested technique. 
Such remixing would seem to indicate that the caseous matter was not wholly 
digested at the time of centrifuging. Apparently if the original mixing 
and agitation under the best, conditions of temperature and concentration 
of acid were insufficient to digest all the adsorbed casein, then lower tem¬ 
peratures, which naturally follow during the carrying out of the procedure, 
and a diluted acid, due to the addition of water, would not facilitate further 
digestion. Furthermore, by remixing the centrifuged fat with the acid- 
* serum-water-liquid, a partial loss of the benefits of tlie preceding centrifug¬ 
ing would seem to occur. Retention of the caseous matter in its digested 
form through the addition of hot water (140° F. or above) or other liquids 
(2, 3) in bringing the liberated fat up into the neck of the bottle for reading 
seems important. Beautifully clear fat columns were obtained when a hot 
sulphuric acid-water mixture (7:10) was added instead of water after the 
centrifugings to bring the fat up for reading (2). However, one lot of 12 
tests made using this variant averaged 0.18 per cent lower on the homogen¬ 
ized rnilk than on the non homogenized milk; in another series of 15 samples, 
the difference was 0.12 per cent lower. Hence, the introduction of au acid- 
water mixture instead of hot water to raise the fat offered no possibilities. 

Brueckner’s (4) recommendation of adding a water-alcohol mixture 
(ratio 1.4:1 by weight) to the tests of homogenized milk to bring the fat 
up into the column before final centrifuging appears to have considerable 
merit. Despite any char formation, the tendency of which seems to be 
reduced, the fat column is clear, is supported by a clear solution, and has 
well-defined menisci. However, the results of a few trials indicate that the 
fat-test reading is slightly higher when the water-alcohol solution is used to 
support the fat column of homogenized milk than when water alone was 
used. This slightly increased reading may offset, in part, the slightly lower 
test generally reported on Babcock tests of homogenized milk. Several fac¬ 
tors, such as the slight solubility of alcohol in fat and vice versa, may con¬ 
tribute to the slightly higher reading of the fat column of homogenized milk 
when using the water-alcohol mixture to force up the fat, but the appear¬ 
ance of the fat column with its relatively deep menisci supported by a per¬ 
fectly clear liquid would indicate that such fat columns were in the best 
condition for reading. The menisci were well defined, probably due to the 
drying and cleaning action of the alcohol on the glass, thereby enhancing the 
capillarity of the fat. Thus, the seemingly increased depth of menisci might 
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be sufficient to account for the slightly higher reading. Reports of use of 
the water-alcohol solution to bring up the fat column on Babcock teste of 
homogenized milk in routine testing in a commercial laboratory indicate 
much satisfaction over its use. 

in view of the many modifications of the Babcock method for testing 
homogenized milk, the authors are extremely reluctant to suggest another 
technique. However, in the interest of clarifying and unifying the pro¬ 
cedure with a minimum of time involved, the apparently most satisfactory 
features of the various methods were incorporated into one method. It is 
hoped that this procedure will simplify and lend greater accuracy to the 
Babcock testing of homogenized milk, rather than add to the confusion. 

SUMMARY 

A modified Babcock fat test for homogenized milk, employing the best 
features of the many modifications now recommended, has been suggested. 
The technique involves tempering the milk and acid to 70° P.; using at least 
17.5 ml. of sulphuric acid with sp. gr. of 1.83 to 1.835; adding the acid in 
three portions, the first consisting of approximately one half of the acid; 
and prolonging the agitation of the milk-acid mixture prior to centrifuging. 
The addition of a water-alcohol mixture (ratio 1.4:1 by weight) to the test 
instead of water alone before final centrifuging adds to the clarity of the fat 
column without appreciably affecting the reading. 

Employing the suggested technique, the arithmetic-average fat test of 36 
samples of homogenized milk was 0.018 per cent lower than that of the 
same test applied to similar milk not homogenized. The arithmetic-average 
variations of the 36 tests from the Mojonnicr tests were +0.058 and +0.045 
per cent for non homogenized and homogenized milk, respectively. 

Credit is due Mr. Robert Frantz for the making of the tests reported 
herein. 
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METHODS OF PRESERVING GRASS SILAGE AND VITAMIN A 
POTENCY OF MILK PRODUCED THEREFROM 1 

J. J. KTEFANIAK, I. W. RUPEE,* G. BOHSTEDT and W. H. PETERSON 
Dcpartmrnls of Biochemistry and Dairy Husbandry, College of Agriculture, 
University of Wisconsin, Madison, Wisconsin 

In previous publications a number of methods for the preservation of 
grass forages have been reported (3, 7). The investigation has been con¬ 
tinued with several forages to which were added various materials to aid in 
preservation. In addition to chemical analysis of the forages and silages, 
short-time feeding tests have been made on all the silages to determine their 
palatability, and longer feeding trials have been made on the most important 
Jots in order to obtain data regarding milk production and the vitamin A 
potency of the milk produced by cows fed these silages. The work has been 
extended to several farms which were part of an experimental grass silage 
program sponsored by the College of Agriculture. 

EXPERIMENTAL 

Silages. In preliminary experiments, forages treated in different ways 
were ensiled in layers in silos 8 or 10 feet in diameter. Each layer contained 
one to 5 tons of forage. The preservative was added to the forage as it was 
passed through the silage cutter in order to obtain uniform distribution. 
When the silo was opened, the silages were analyzed and fed, and the readi¬ 
ness with which the cows consumed each lot was recorded. The methods of 
preservation which had been most successful in the layer trials were further 
tested on a larger scale. Quantities of fresh forage ranging from 5 to 20 
tons were ensiled and the resulting silages were used for feeding experi¬ 
ments. Chemical analyses of the forage and silage were made. Dry matter 
was obtained by drying in an electric oven at 105° C\, and the pH of the 
silage was determined on the expressed juice by means of a glass electrode. 
The carotene content was determined by the method of Hegsted, Porter, and 
Peterson (2), except that a photoelectric colorimeter and a calibration curve 
of (3-carotene in Skelly solve were used instead of a spectrophotometer. 
Light absorption by the carotene solution was measured with a 440 -jj filter. 

Milks. The silages used in the feeding trials were fed to lots of from five 
to nine cows each. The animals composing each lot were selected so that 
lactation, weight, and milk and butterfat production were approximately 
equal at the time the feeding trials'were begun. Representative samples of 
morning and evening milkings were obtained from each lot of animals and 
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analyzed for their butterfat, carotene, and vitamin A content. The carotene 
and vitamin A contents of these milks were determined by the methods of 
Olson, Hegsted, and Peterson (4) and Berl and Peterson (1). The method 
used for the extraction and saponification of the butterfat in the milk was 
that of Olson el ah The procedures used for drying the ethereal extract, 
analysis for 3-carotene in Skellv solve and vitamin A in chloroform were 
those of Berl and Peterson (1). 

RESULTS 

Layer silages. Table 1 summarizes the data for the layer silage experi¬ 
ments. In silo I, 9 different materials or treatments were tested to deter¬ 
mine their usefulness as a means of preservation. Acidity, which is usually 
a good index of quality, ranged from pH 4.2 to 5.2. The best layers from the 
standpoint of palatability were those approximating 4.5 or less. Silages 
which have a pH above 4.5 often contain butyric acid, ammonia, and other 
fermentation products having an objectionable odor. The layers of alfalfa 
preserved with Silogerm (a commercial bacterial culture for the preservation 
of silage) and salt (1-2), and salt alone (1-4) had undergone a butyric type 
of fermentation and were of poor quality. Carotene preservation in these 
two silages was reasonably good, however. A butyric fermentation and 
carotene preservation not uncommonly go together. Butyric fermentation 
occurs under anaerobic conditions, and exclusion of air favors carotene pres¬ 
ervation. The wilted alfalfa and tlic alfalfa ensiled without a preservative 
were well preserved and palatable, showing that at times good silage may 
be obtained without any additions. However, these layers were fur down 
in the silo, where there was considerable pressure from above, and this con¬ 
dition may have favored preservation. The most palatable silages were pro¬ 
duced by addition of corn meal, molasses, or concentrated soured whey to 
the forage. Concentrated soured whey was produced from whey which had 
been inoculated with a 1 per cent inoculum of Lactobacillus bulgaricus and 
incubated under anaerobic conditions at 110° F. for 5 days. The soured 
whey was concentrated in vacuo to one-seventh of the original volume and 
applied to the forage at a rate of 70 pounds per ton. The layers preserved 
with concentrated soured whey and whey alone were very soggy. There was 
no correlation between carotene and pH or between carotene and palatability. 

The differences between the dry-matter content of the forage and the 
corresponding silage noted in tables 1 and 2 may be due, in part, to vari¬ 
ations in sampling, but in some cases are due to additions either of liquid 
(e.g., whey) or of dry material dry sorghum fodder) to the forage at 
the time of ensiling. There also would be a tendency for the moisture con¬ 
tent of the layers to become equal because of the movement of liquid or water 
vapor from one layer to the next. 

[n 1941, the unavailability of molasses led to further experiments (layers 
IT-1 to IT-9) in search of a suitable method for preserving grass silage by 
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Composition of layer silanes 
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recommended by tbe manufacturer of Silogerm. 
c Palatability was judged by odor, appearance and consumption. 
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use of other adjuvants. As judged by pH, odor, carotene content and 
palatability, alfalfa ensiled with corn and cob meal, and sweet clover in com¬ 
bination with green corn in the ratios of 1:1 and 3:1 gave good silages. A 
fair silage was obtained from wilted alfalfa. Poor silages were obtained 
from alfalfa ensiled with Silogerm and salt and with Vacatone (residual 
solids from the industrial fermentation of molasses). The untreated alfalfa 
was very poor. More extensive chemical analyses were performed on the 
alfalfa preserved with Silogerm and salt. The ammonia nitrogen in this 
silage amounted to 0.70 per cent, the acetic acid to 3.32 per cent, and the 
butyric acid to 4.98 per cent, all calculated on the basis of dry-matter. The 
volatile acids and the ammonia content of this silage were similar to the 
values for poor quality silage reported in previous experiments (5). 

In 1942 other materials were used as preservatives (layers TIT-1 to 
111-6). The object in these experiments was to raise the dry-matter content 
of the ensiled material to 30 or 35 per cent. The fresh forage was in the late 
stages of maturity when ensiled. The alfalfa layers preserved with ground 
or whole corn and by waiting produced fair to good .silages. The waited 
forage had been rained on twice and had been wilted for 3 days, resulting in 
a very low carotene content. The alfalfa layers treated with oat straw and 
ground w r ood shavings were not palatable and had characteristic straw-like 
and w T oody odors. Dry sorghum fodder did not preserve the alfalfa, for the 
silage was moldy and dry, and the carotene content was low. even though 
the acidity w r as equal to that found in good silages. 

Composition of silages used in longer feeding trials. Of the many pre¬ 
servatives used in the palatability tests, several w r ere tested further on a 
larger scale in order to include more complete feeding trials. In 1940, three 
different silos w r ere filled with the following forages: oat-and-pea mixture 
sown in a ratio of 4 to 1, Sudan and soybean combination in a seeding ratio 
of 2 to 1, and alfalfa. Table 2 gives the kind and the amount of preserva¬ 
tive used, as well as the analytical data on the fresh forage and the corre¬ 
sponding silage. All three silages were very palatable. However, the caro¬ 
tene contents of lots 3a, 3b, and 3c were low regardless of the kind and 
amount of preservative used. There w r as no apparent explanation for the 
high carotene loss. 

In the following year, 1941, the soybean-sorghum silage, in ratios of 1:1, 
2:1, and 4:1, was of good quality, although the loss of carotene during 
ensiling was high in two of the lots. Lots 5a, 5b, and 5c, which were pre¬ 
served wdth whey powder, w r ere rated as good silages in spite of the poor 
carotene preservation. Lots 6a, 6b, and 6c, which consisted of one layer 
containing no preservative and two others containing different amounts of 
corn and cob meal, were very good silages as judged by odor and color. 
However, the carotene preservation w^as not the same for all layers. The 
layer which contained 250 pounds of corn and cob meal had very little caro- 
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Composition of silagts used in feeding trials 
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tene loss; 200 pounds of corn and cob meal gave very low carotene preserva¬ 
tion; and the Jayer which was untreated had lost most of the original caro¬ 
tene. The difference in carotene preservation obtained with a variation of 
50 pounds in corn and cob meal was unexpected. The alfalfa used in these 
experiments was ensiled in the late blossoming stage in order to raise the 
dry-matter content. In consequence of this more mature condition, it was 
low in carotene and in most lots the loss was heavy. Corn and cob meal is 
slow in promoting the development of lactic acid-producing bacteria, which 
arc important in bringing about anaerobic conditions and consequent retard¬ 
ation of carotene oxidation. Also, a high dry-matter content is less favor¬ 
able for good packing and exclusion of air from the ensiled material. With 
several factors involved, it is possible that in a given case irregular results 
may be obtained. Even with molasses, which is a much better preservative 
than corn and cob meal, poor preservation is encountered occasionally. In 
our judgment, good preservation of carotene should not entail a loss of more 
than 25 per cent of the carotene of the forage. 

In 1942, two silos were filled with alfalfa preserved by wilting to 40 per 
cent dry matter (lot 7) and by adding 200 pounds of corn and cob meal per 
ton (lot 8). Chemical analysers of these two silages (table 2) show that good 
silages were obtained. The carotene loss was approximately 50 per cent. 
The alfalfa silage containing corn and cob meal was more readily consumed 
by the animals than the untreated alfalfa. 

In 1943, the experiments were set up to determine the comparative value 
of corn and alfalfa silages for maintaining the carotene and the vitamin A 
content of milk. To obtain silages high in carotene content, material in the 
early stages of maturity was ensiled. In one silo, succulent alfalfa was pre¬ 
served with 200 pounds corn and cob meal and, in another, corn in the early- 
dough stage was ensiled. Excellent silages (lots 9 and 10) w r ere obtained. 
The data show that in order to obtain good silage, the material ensiled must 
be of good quality. 

Milk production and change in body weight. Table 3 summarizes the data 
on feed consumption, milk production, and changes in body weight of ani¬ 
mals fed the silages listed in table 2. In the 1940, 1941, and 1943 feeding 
experiments, each lot consisted of five cows, while in the 1942 feeding trials 
the lots were made up of nine cows each. The alfalfa hay used for these 
experiments contained from 15 to 25 micrograms of carotene per gram of dry 
matter. The rations for all lots, except 10 and 11, contained equivalent 
amounts of protein as the result of adding linseed meal to the grain mixtures 
of lots 1, 2, 4, and 9. Prom the data in table 3 it appears that the silages 
were of approximately equal nutritive values, as judged by milk production 
and body weight. 

In 1942 feeding trials showed that apparently all of the corn and cob 
meal used as preservative for the alfalfa was available to the animal. The 



Feed consumption, milk ptoduefton and change in body weight per cow per day 
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grain mixture fed lot 8 was adjusted to allow for the corn and cob meal used 
in the preservation of the alfalfa. There were no differences between the 
two lots, one receiving wilted alfalfa silage (lot 7) and the other silage pre¬ 
served with corn and cob meal (lot 8). 

Lots 9,10, and 11, which were based on an ordinary farm ration, showed 
that good corn silage is equivalent to good alfalfa silage for milk production. 

Carotene and vitamin A content of milks . The data for the carotene and 
vitamin A intake of each lot of cows on the feeding trials as well as the vita¬ 
min A potency of the milks produced are given in table 4. The milks from 
the cows in lots 1, 2, and 3 had a high carotene and vitamin A content as com¬ 
pared to the milks produced in the 1941,1942, and 1943 trials. Milk from 
lots 4, 5, and 6 had only about 50 per cent of the vitamin A potency (caro¬ 
tene and vitamin A together) of the 1940 milks. The silages fed were low 
in carotene, and the carotene and vitamin A contents of the corresponding 
milks were below the average for winter milk. The feeding trials in 1942 
showed no differences in the vitamin A potency of the milks produced 
by animals fed wilted alfalfa silage and those fed alfalfa preserved with 
corn and cob meal. Waugh et al (6), in comparing two groups of cows, one 
fed corn silage and the other alfalfa-brome grass silage, found no differences 
in milk production or change in body weight. However, the cows fed corn 
silage containing 50 micrograms of carotene per gram of dry matter pro¬ 
duced milk exceedingly low in vitamin A potency (approximately 9 T.TJ. per 
gram of butterfat). The animals fed alfalfa-brome grass silage produced 
milk of vitamin A potency above the average for winter feeding. 

The 1943 experiments indicated that corn silage of high carotene content 
was almost equivalent to excellent alfalfa silage. 3 Although the cows in lot 
10 ingested approximately three times as much carotene as those in lot 9, the 
vitamin A potency of the milk was only 20 per cent higher than from lot 9 
and no higher than that from cows ingesting about two-tliirds as much caro¬ 
tene (lot 11). The carotene and vitamin A content of milk from lot 10 ac¬ 
counted for less than one per cent of the carotene intake. In lot 9, 2 per 
cent of the ingested carotene was accounted for in the milk. As may be seen, 
the amount of carotene ingested did not correlate with the vitamin A potency 
of the milk produced. Other undetermined factors appear to have oper¬ 
ated. The vitamin A level of the milk for each lot remained constant for the 
13 weeks of the 1943 feeding trial. 

Survey of experimental farm mills . These data were obtained as part of 
a grass silage harvester program under farm conditions which was sponsored 

s Another short experiment, in which cows fed a, low-carotene corn silage (26 jxg. per 
gram dry matter) wore switched to a liigh-carotene corn silage, showed that the vitamin 
A potency of the milk followed the increase in carotene intake very closely. At the begin¬ 
ning of the experiment the vitamin A potency of the milk was 14 J.U. pci gram of but¬ 
terfat and, after feeding high carotene silage for 3 weeks, it rose to 30 I.U. per gram 
of butterfat. 



TABLE 4 

Carotene and vitamin A content of milks produced in feeding trials 
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by the College of -Agriculture. The analyses (table 5) show that four of the 
alfalfa silages were unusually high in carotene. These were ensiled during 
the early stages of maturity. Farm no. 1 produced milk which had a vita¬ 
min A potency equal to that of summer milk. This herd had been fed high 
carotene silage for 3 months previous to the time the sample was taken. It 
will be noted that the feeding of low-carotene tsilage ( e.g. 9 farm no. 5) re¬ 
sulted in milk low in vitamin A potency. 

An experiment was conducted at the La Crosse, Wisconsin, Soil Conser¬ 
vation Experiment Station (farm no. 7) to note the effect of replacing corn 
silage in an ordinary farm ration with alfalfa silage. During the last month 
(February) on corn silage, the vitamin A potency decreased from 32 to 27 
I.U. per gram of butterfat. The cows were then switched to alfalfa silage 
which contained 118 micrograms of carotene per gram of dry matter. The 
decline stopped, and after 3 weeks the vitamin A potency reached 30 LTJ. per 
gram of butterfat and remained at this level for a month, when the experi¬ 
ment was terminated. 

summary 

Tn a study of various methods of ensiling grasses and legumes, preserva¬ 
tion by the addition of 200 pounds corn and cob meal per ton gave a very 
palatable silage, although carotene preservation was not as good as with some 
other methods, vjj. } molasses. 

No significant differences were found in milk production and change in 
body weight when the lots for any one feeding period were compared. 

A comparison of good corn and alfalfa silages indicated that both silages 
had apparently equivalent feed value on the buns of milk production and 
change in body weight. The vitamin A potency of the milk produced from 
these two silages varied by only 20 per cent. Alfalfa silage high in carotene 
generally increased and maintained the carotene and vitamin A level in 
winter milk. 
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THE EFFECT OF SUPPLEMENTARY VITAMINS ON BLOOD 
COMPOSITION, LIVER STORAGE, AND INCIDENCE 
OF SCOURS IN CALVES 

J. W. III BBS ani> W. E. K1IAUSS 
Ohio Agricultural Experiment Station, Wooster, Ohio 

Following the reports by Wisconsin workers (4, 8) that supplementary 
vitamin feeding is beneficial in preventing calf scours, much interest has de¬ 
veloped regarding the possibilities in vitamin supplementation for calves. 
Most previous work has been done with calves maintained on skim milk or 
calves from dams known to be on a low level of vitamin A intake. We, there¬ 
fore, undertook to determine the effect of two systems of vitamin supplemen¬ 
tation on the blood picture, liver storage, and scour incidence of calves main¬ 
tained under normal herd conditions. 

In these experiments each calf was allowed to nurse before the dam was 
milked out. The calves remained on their dams for at least 3 days and 
wore then pail-fed on whole milk. Hay and grain were fed beginning at 2 
weeks of age. Calves of both the Jersey and Holstein brevis were included 
in this experiment and the blood and liver data of both breeds are combined 
in the results. 

Blood plasma vitamin A and carotene were determined by the method of 
Kimble (2). Liver vitamin A and carotene were determined by using the 
extraction procedure of Guilborl and Ilart (1). Blood plasma ascorbic acid 
was determined by the macromethod of Mindlin and Butler (H). All colori¬ 
metric readings were made using an Evelyn photoelectric colorimeter. 

EXPERIMENT 1 

The first experiment was carried out during the late winter and early 
spring months of 1945, before the pasture season. Alternate calves were 
placed in Group T (control) and Group II (experimental). Group I (fifteen 
calves) received a placebo capsule 1 containing a biologically inactive oil. 
Group II (fifteen calves) received one multivitamin capsule daily for the 
first 20 days. These capsules contained 10,000 USB units of vitamin A, 300 
USP units of vitamin D, 50 mg. of niacin, and 250 mg. of ascorbic acid. 

Blood samples were drawn for analysis of plasma vitamin A, carotene, and 
ascorbic acid on the same day each week from all calves under 31 days of age. 
In averaging the results, all determinations made on the first, second, and 
third days were averaged separately. All determinations made between the 
fourth and eleventh days were grouped together and considered as the seventh 

Beceivcd for publication November 7, 1946. 

1 All vitamin capsules were supplied by The Gelatin Products Company, Detroit, 
Michigan, to whom grateful acknowledgment is herewith extended. 
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day. Similar groupings of the data were made centering on the fourteenth, 
twenty-first, and twenty-eighth days. Total vitamin A liver storage was 
determined on four male calves in Group I and on five male calves in Group 
IT at 21 days of age. 

The average results of the blood and liver analyses are presented in figure 
!. The vitamin A liver storage indicated is due to vitamin A alone. A 
small carotene storage was found which amounted to an average of 813 USP 
units per liver in the nine calves. Plasma vitamin A reached a peak on the 



Fig. 1. The effect of daily supplementary vitamin feeding on the blood plasma 
vitamin A, carotene, and ascorbic acid, and on vitamin A liver storage in calves. 

third day and then declined rapidly. No difference in the groups was ob¬ 
served until after the third day, when it was shown that Group II (experi¬ 
mental) did not decline in blood vitamin A as rapidly as did Group I (con¬ 
trol). There was a decline in blood vitamin A regardless of supplementary 
feeding. Liver storage at 21 days in Group II was found to be nearly double 
that of Group I, indicating marked liver storage due to the supplemental 
vitamin A. Greater individual variations were found in the plasma carotene 
levels; however, no marked difference between the two groups is indicated. 

Plasma ascorbic acid was found to be extremely high immediately after 
birth. The initial high level rapidly dropped so that normal levels were 
usually found within 24 hours. No beneficial effect of feeding ascorbic acid 









SUPPLEMENTARY VITAMINS FOR CALVES 


117 


was observed except that Group 11 showed a slight increase over Group I 
between the third and seventh days. 

Although a considerable number of calves had scours, no difference was 
noted in the incidence between Group 1 and Group II. 


EXPERIMENT 2 

To determine the effects ot* feeding massive doses of vitamin A at less- 
frequent intervals, the following experiment was carried out from February 
through April, 1946. Holstein and Jersey calves born in the Experiment 
Station herds were assigned to one of three groups. Group I (ten calves) 
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Phi. 2. Tlio effect of feeding 250,000 USP units of vitamin A on the third and tenth 
days, plus 50 milligrams of niacin daily for 20 days, on the blood plasma vitamin A, 
carotene, and ascorbic acid, and on liver storage in calves. 


served as a control group. Group TI (thirteen calves) received a capsule 
containing 250,000 USP units of vitamin A on the third and tenth days after 
birth. Group III (twelve calves) received the same vitamin A supplement 
and, in addition, were given 50 mg. of niacin in a gelatin capsule daily for 
the first 20 days. Blood samples were drawn for analysis for plasma vitamin 
A, carotene, and ascorbic acid on the third, tenth, and twentieth days for all 
calves and also on the thirtieth day for the females. The male calves in each 
group were sacrificed on the twenty-first day and the total vitamin A liver 
storage determined. The average results of the blood and liver storage data 
are shown in figure 2. 
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It is evident that the supplemental vitamin A feeding resulted in the 
maintenance of a higher blood level in Groups II and III. However, the most 
marked effect of vitamin A feeding showed up in the amounts stored in the 
liver. Nearly ten times as much vitamin A was stored in the livers of the 
experimental group as in the control group. No difference was noted be¬ 
tween Groups II and III in the blood level of vitamin A or in liver storage. 
Thus, the addition of niacin did not raise the blood level of vitamin A or in¬ 
crease liver storage at this level of vitamin A intake. The average liver 
carotene value of the nineteen male calves in the three groups was 633 USP 
units per liver. 

Although the blood carotene followed a somewhat different pattern in ex¬ 
periment 2 than in experiment 1, no difference among the three groups is 
detectable. No differences were noted among the groups regarding the aver¬ 
age ascorbic acid level. The incidence of scours was the same in all three 
groups. 

DISCUSSION 

In these experiments, no lowering of scours incidence was noted which 
could be attributed to supplemental vitamin feeding. This is in general 
agreement with the work of Norton et al. (7). 

The incidence of scours was much higher in the Jersey calves than in the 
Holsteins. The average plasma vitamin A of the Jersey calves was lower 
than that of the Ilolsteins. Possibly this is due to the higher incidence of 
scours in the Jersey calves. The average carotene level of Holstein plasma 
was lower than that of the Jerseys. This observation is in agreement with 
the results reported by Moore (5). Plasma vitamin A and carotene, as well 
as vitamin A liver storage, were reduced in calves that had severe scours. 

These data show that the decrease in plasma vitamin A of calves during 
the first few weeks can be offset to a considerable extenl by feeding supple¬ 
mental vitamin A according to either of these two systems. It is of interest 
that Sutton and Kaeser (9) have shown that, when colostrum feeding was 
extended for 7 days, the blood vitamin A level at 21 days was nearly identical 
with that of calves that received 10,000 units of vitamin A daily for 21 days. 

No linear correlation between plasma vitamin A and liver storage was 
observed when liver storage was high. At low liver storage levels the plasma 
vitamin A values were a good index of liver storage. In general, data re¬ 
ported by Lewis and Wilson (3) confirm these observations. However, the 
experimental procedures are not sufficiently comparable for direct compar¬ 
ison of the data. 

It is questionable how much benefit to the health of the calf is derived 
from excessively high liver storage or increases in blood vitamin A over the 
normal levels, when a normal ration is fed. In large-scale field trials con¬ 
ducted in Ohio and Michigan, the results of which are to be published else- 
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where, no lowering of scour incidence could be attributed to the feeding of 
supplemental vitamin A. It is reasonable to believe, however, that calves 
with a high vitamin A storage would be able to withstand periods of low 
vitamin A intake or impaired absorption much better than calves raised with¬ 
out supplementary vitamin A. Since both the plasma vitamin A content 
and liver storage of calves that had severe scours were extremely low, the 
administration of supplementary vitamin A to such calves would seem to be 
indicated in order to counteract the subnormal levels. Calves with severe 
scours often had plasma vitamin A levels as low as 4.5 micrograms per 100 
ml. In Group III one calf, which had severe scours for 8 days, had a vita¬ 
min A liver storage value of 54,420 USP units at 21 days, wdicreas the aver¬ 
age value for the group was 157,180 USP units. This calf had a vitamin A 
blood plasma level of 4.4 micrograms per 100 ml. at 20 days of age. The 
average blood vitamin A level for the group at this age was 13.9 micrograms 
per 100 ml. 

SUMMARY AND CONCLUSIONS 

* 

1. Calves fed extra vitamin A, either 10,000 USP units daily for 20 days 
or 250,000 USP units on the third and tenth days, maintained a higher blood 
plasma vitamin A level after the third day than did their controls. 

2. Liver vitamin A storage was increased with increased vitamin A in¬ 
take. Plasma vitamin A and liver storage were not closely correlated except 
at low levels of liver storage. 

3. The daity addition of 50 mg. of niacin when 250,000 USP units of vita¬ 
min A were fed on the third and tenth days had no effect on blood plasma or 
liver storage vitamin A values. 

4. Except for a slight increase between the third and seventh days, no 
effect was observed on the plasma ascorbic acid content when 250 mg. of 
ascorbic acid were fed daily for 20 days. 

5. No significant effect on lowering the incidence or severity of scours 
could be detected when supplementary vitamins were added to the normal 
ration according to the procedures described. 

It is concluded that routine supplementary feeding of vitamin A, ascorbic 
acid, and niacin to calves during the first few weeks following birth is of 
doubtful value in preventing scours. The feeding of supplementary vitamin 
A at the rate of 10,000 USP units daily for 20 days or 250,000 ITSP units 
on the third and tenth days will help overcome any deficiency of vitamin A 
intake resulting from inadequate feeding of colostrum and vrihole milk, from 
impaired absorption, or from subsequent feeding of poor-quality hay. 
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COPPER AND IRON IN THE BLOOD SERUM OF DAIRY COWS 1 * *• 3 

GENNARD MATRONE 

U. S. Plant , Soil , and Nutrition Laboratory, Ithaca , New YorV 
WALTER J. PETERSON, IIARTLEE M. BAXLEY, and CLAUDE D. GRINNELLS 
Department of Animal Industry , North Carolina State College , Raleigh 

The usefulness of blood or blood serum levels of copper, iron, hemoglobin, 
and cell volume as indications of nutritional deficiencies of cattle grazing in 
areas deficient in certain microuutrient elements has been shown by the work 
of various investigators (1, 2, 3, 5, 13). The utility of this blood picture 
tool, however, is dependent on a knowledge of the normal levels and varia¬ 
bilities of these blood characteristics. A review of the literature reveals no 
general agreement in the results reported for blood scrum copper and iron 
levels for dairy cows. In view of this, the work reported here was under¬ 
taken as preliminary to a project designed to study certain deficiencies of 
mieronutrient elements in some coastal areas of North Carolina. Hemo¬ 
globin and cell volume were run concurrently with iron and copper and 
also are reported. 

Most of the published copper values on bovine blood are reported on 
whole blood rather than on blood serum. Tompsett (16), however, pre¬ 
sented data showing that the copper of the blood was distributed evenly be¬ 
tween the plasma and the corpuscles of the blood for man, sheep, ox, pig, and 
horse. The data of Kelioe ct al (!)) also show the copper content of the 
corpuscles and plasma of blood to be of the same order. In this laboratory, 
,uo significant difference was found in copper content between blood serum 
badly contaminated with red cells and serum with little or no red-cell con¬ 
tamination. The copper content for apparently normal bovine blood or 
blood serum, as determined by various workers, is shown in table 1. Blood 
serum iron values for dairy cows are meager. 

MATERIALS AND METHODS 

The principal difficulty in determining iron in blood serum is to obtain a 
preparation completely free from hemoglobin and other forms of organic 
iron. This problem has been discussed by Kitzes et al (10), and a method 
is presented which appears to give satisfactory results. In our work, the 
method of Kitzes was used to prepare the blood serum filtrate for the iron 

Received for publication November 12, 1946. 

1 Read before the Division of Biological Chemistry, American Chemical .Society 
meeting, Chicago, Illinois, September 9, 1946. 

2 Approved for publication as Paper No. 248 of the Journal Series of the North 
Carolina Agricultural Experiment Station. 

8 The authors wish to acknowledge the assistance of Dr. H. L. Lucas of the Insti¬ 
tute of Statistics, North Carolina State College, Raleigh. 
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determination. Instead of a,a'-bipyridine, however, a-phenanthroline was 
used for the color reagent, as outlined by Parks, ct al (14). 

In some preliminary work, it was found that wet-ashed serum pave higher 
copper values than blood serum filtrate prepared according to Kitzes. Typi¬ 
cal values obtained ivere: wet-ashed serum, 103 pg. of copper per 100 ml. 
of serum; and blood serum filtrate, 68 pg. of copper per 100 ml. of serum 
These values are an average of twelve samples in duplicate. In view of these 
results, a wet-ash method was adopted. The blood serum was wet-ashed with 
concentrated nitric and perchloric acid. Essentially the method outlined by 
Parks ct al (14) was used for the determination of copper. The method of 
Shenk et al (15) was used for the hemoglobin determination, and the San* 
ford Magath hematocrit tube for cell volume. 

The experiment was designed to study the influence of breed, age, and 
time on the levels of the blood constituents under study. Blood was obtained 


TABLE 1 

Normal bovine blood or blood scrum values obtained by various workers 


Author 

Animal 

Type of blood 

Copper 

McHarguc (12) 

Ox 

■Whole blood 

|1 a./100 ml. 
HO 

Guillemet (6) 

Cow 

Serum 

I 58-82 

Tompsett (16) 

Ox 

Whole blood and serum 

192—222 

Bennetts ct al { 3) 

Cow 

Whole blood 

iio-Too 

Beck (2) . 

Cow 

Whole blood I 

1 70-170 

Cunningham (5) 

Cow 

Whole blood ; 

| Mean of 100 


from Ayrshire, Holstein, Guernsey, and Jersey cows in the college herds. 
The animals were subdivided into four age classifications: 4 to 6 months, 
12 to 18 months, 2 to 2.5 years, and 4 to 7 years, with one animal from each 
breed in each age class. Blood from each animal was analyzed at four dif¬ 
ferent times: January 2, February 14, March 6 and March 20. The four 
different dates will be referred to as Periods I, II, III, and IV, respectively. 
The cows were barn-fed for all periods except Period IV, when they were on 
pasture. Throughout the experimental period, all the animals received hay 
and a 17 per cent protein concentrate mixture. In addition, the animals in 
the age groups 2 to 2.5 years and 4 to 7 years received corn silage. The 
calves, 4 to 6 months of age, received a supplement of milk during most of 
the first two periods and a supplement of calf manna during the remainder 
of the experiment. 


EXPERIMENTAL DATA 

The means for iron, copper, hemoglobin, and cell volume, classified ac¬ 
cording to the ages of the animals, together with their standard errors, are 
presented in table 2. 
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TABLE 2 


Effect of age on the blood level of indicated characteristic 


Blood characteristics 


Age 



Standard 
error of 
a mean 

Kj- 

Signifi¬ 
es! nee of 

4—6 

months 

12-18 

months 

2-2 i 
years 

4-7 

years 

age 

effect* 

Serum iron, ng./100 
ml. 

171.2 

155.0 

157.3 

i 

162.4 ! 

± 12.0 

0 

Serum copper, pg./lOO i 
ml. 

91.5 

85.0 

109.9 

113.8 

± 6.2 

hs 

Hemoglobin, gm./lOO 
ml. 

9.08 

9.72 

10.06 

10.64 

± 0.26 

hs 

Cell volume, % of j 
total 

29.37 

i 

30.92 

32.40 

34.53 

± 1.27 

0 


* o = not significant (P > 0.05). 

s = significant (P r: 0.05). 
hs = highly significant (7* -=■’ 0.01). 


As indicated in the table, no evidence was obtained that serum iron 
changes with age. Copper and hemoglobin, however, changed significantly 
with age, the higher values being observed with advancing age. Although 
cell volume increased with advancing age, this effect was not statistically 
significant. On the other hand, there was a positive and significant corre¬ 
lation (r = f-0.9986) between hemoglobin and cell volume from age group to 
age group. It might be concluded, therefore, that perhaps both hemoglobin 
and cell volume increase with advancing age. 

The influence of breed on the blood levels of the characteristics studied 
is summarized in table 3. 

No evidence was obtained that the blood characteristics differ among 
breeds. Tn this connection Tompsett (16), in his copper studies of various 
species, reports “the copper contents of sheep, ox, pig, horse, and guinea pig 
are of the same order as that of human blood.” Me Cay (11) and Brooks 
et al (4), working with the four breeds used in this study, also found no 
difference in hemoglobin levels among breeds. 

The effect of period on the blood levels of the characteristics is presented 
in table 4. 


TABLE 3 

Effect of breed on the blood level of the indicated characteristic 


Blood characteristics 

Breed 

Standard 
error of a 
mean (Sj) 

Significance 
of breed 
effect* 

Ayrshire 

Holstein 

r»4 

O 

CO 

£ 

z 

6 

§ 

M 

a> 

Serum iron, jxg./lOO ml. . 

330.8 

168.3 

163.7 

183.1 

4-12.0 

0 

Serum copper, pg./lOO ml. 

93.6 

92.5 

99.1 

115.6 

+ 6.2 

0 

Hemoglobin, gm./lOO ml. 

10.39 

9.50 

9.94 

9.67 

4- 0.26 

o 

Cell volume, % of total 

32.14 

29.78 

34.45 

30.85 

4- 1.27 

0 


o = not significant (P > 0.05). 
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TABLE 4 

Effect of period on the blood level of the indicated characteristics 


Blood characteristics 

Period 

Standard 
error of a 
mean ( Sx) 

Significance 
of period 
effect* 

I 

1/2/46 

JI 

2/14/46 

III 

3/6/46 

IV 

3/20/46 

Serum iron, ^g./lOO ml. 

1 

169.2 j 

! 162.6 

I 383.9 j 

±6.8 

hs 

Scrum copper, gg./300 ml. ' 

87.8 

301.2 1 

316.3 

1 95.2 1 

+ 4.6 

hs 

Hemoglobin, gm./lOO ml. , 

10.07 

9.93 

10.06 

9.44 . 

+ 0.17 

s 

Cell volume, % of total | 


30.9-1 | 

31.54 | 

32.94 1 

± 0.75 

0 


* o = not significant (P >0.03). 
s = significant (P 2 ^ 0.05). 
hs = highly significant (P 0.01). 


As illustrated by table 4, period liad a pronounced effect on all measures 
except cell volume. Possibly, if cell volume had been measured in Period I, 
it also would have shown a significant period variation. This experiment 
was not designed to sort out and find the causes of this period variation. 
Presumably, however, such factors as nutritional status of the animal, season 
of the year, and post-absorptive state of the animal are contributing to period 
variations. For example, Ilemmeler (8) reports that in humans the serum 
iron is highest in the morning, averaging 127 pg. per 100 ml , and lowest in 
the evening, averaging 82 pg. per 100 ml. Hazleton (7) administered single 
doses of iron salts to rats and found the maximal level of serum iron to occur 
two to three hours after administration. Bennetts ct al (3) made monthly 
analyses of blood copper of healthy cows from April through December and 
reported a low of 30 to 50 pg. in April and a high of 60 to 100 pg. per 100 ml. 
in September. 

In table 5 are presented the over-all means and their coefficients of varia¬ 
tion. It may be pointed out that the observations which make up the gen¬ 
eral or over-all means are subject to both the controlled variation or experi¬ 
mental error due to technique, age, breed, and period, as well as uncontrolled 
variation. The coefficients ol‘ variation presented in table 5 ai*e measures of 
total variation; they include unbiased estimates of both controlled and un¬ 
controlled variation for dairy cows under the conditions of the experiment. 

The error due to technique, such as sampling, manipulation, reading, etc., 


TABLE 5 

Grand means of the indicated blood characteristics and their coefficients of variation 


Blood characteristic 

Ci Mid mean 

Coefficient of 
variation 

Serum iron, pg./lOO ml. 

161.5 

% 

26.75 

Serum copper, p,g./100 ml. 

100.1 

23.93 

Hemoglobin, gm./lOO ml. . 

9.87 

10.20 

Cell volume, % of total 

31.8 

13.07 
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was less than 5 per cent for serum iron and copper and loss than 2 per cent 
for hemoglobin. 

No evidence was obtained that iron and copper arc correlated in any 
way. On the other hand, hemoglobin and cell volume, in general, were cor¬ 
related positively. The only deviation from this observation was the nega¬ 
tive correlation which existed among periods (~ 0.8812). This negative cor¬ 
relation was not significant, but suggested that the factors causing the blood 
picture to change from period to period affect cell volume and hemoglobin 
in opposite manners. 

SUMMARY 

1. The means for serum iron, scrum copper, hemoglobin, and cell volume 
in sixteen dairy animals were 100 pg. per 100 ml., 162 pg. per 100 ml., 9.9 
gm. per 100 ml., and 112 per cent of total volume, respectively. The errors 
of estimate are given. 

2. No evidence was obtained that serum iron changed with age. Serum 
copper and hemoglobin changed significantly with advancing age. The cop¬ 
per values ranged from about 90 pg. per 100 ml. in calves to 114 pg. in 4- to 
7-year-old cows, and the hemoglobin increased from 9.0S 1o 10.64 gm. per 
100 ml. of blood in these age classes. 

3. There was no significant difference among breeds with respect to any 
of the measurements. 

4. For scrum iron, serum copper, and hemoglobin, there were pronounced 
variations from period to period. These variations were irregular with 
ranges as follows: serum iron, 1110.3 to 1S3.9 pg. per 100 ml.; serum copper, 
87.3 to 116.3 pg. per 100 ml.; and hemoglobin, 9.44 to 10.07 gm. per 100 ml. 

5. No evidence was obtained that serum iron and serum copper are corre¬ 
lated in any way. Hemoglobin and cell volume, in general, were correlated 
positively. 
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COMPARISON OF SUCROSE, HIGH CONVERSION CORN 
SIRUP, AND DEXTROSE IN THE PRESERVATION 
OF PEACHES 11Y THE FROZEN-PACK 
METHOD FOR USE IN JCE CREAM 

I*. H. TRACT, 1 JOHN J. SHEERING, 1 and M. J. HORSEY- 
University of Illinois , Urbnna, Illinois 

The use of frozen-pack fruits in the ice cream industry has been gaining 
in popularity in recent years. This has been due largely to the superior 
flavor of the frozen fruit as compared with the canned. The favorable 
experiences with frozen foods gained during World War II undoubtedly 
will place even greater emphasis upon the method of preserving and trans¬ 
porting fruits in frozen form. 

While many ice cream manufacturers prepare much of their own pack 
of peaches, a considerable portion of their supply is purchased from com¬ 
mercial dealers. The peeled poaches are sliced or made into puree and 
mixed with sugar (cane or beet) in varying proportions, though three parts 
of fruit to one part of sugar commonly is used. This mixture then is placed 
in containers, rapidly frozen and stored at temperatures below zero degrees 
Fahrenheit until used. The sugar shortage during World War IT. however, 
made it important that some consideration be given to the use of other types 
of sweetening agents, such as dextrose (corn sugar) and corn sirup, in the 
preparation of frozen fruit to be used in icc cream. 

PROCEDURE 

The studies were made during late 1941 and early 1942. The fruit was 
obtained from the peach-breeding plots of the University of Illinois experi¬ 
mental farms at Olney, Illinois, and represents the 1941 crop. The types 
chosen for study, as listed in table 1, are eight of the most promising selec¬ 
tions in the Station peach-breeding project. Observations were made of the 
flavor, degree of ripeness, and texture of the fruit when received. The 
peaches were immersed in boiling water for a period of 30 seconds, followed 
by dipping into cold water. After the fruit skins were removed and the 
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peaches Jialved and stoned, the fruit a\«s immersed in ice water until pack¬ 
ing which was accomplished within 1 hour after the hot-water immersion. 

The fruit was packed in pint paper cartons, using various combinations 
and types of sugar. Immediately after packing, the cartons were placed 
in a 40° F. room for a period of 2 hours; the fruit was shaken at intervals 
to aid in the blending of sugar ami fruit. The cartons of fruit then wen* 
stored at a temperature of approximately -2° to --20° F. for periods of 
4 to 8 months. At the end of the storage period, the samples were removed 
to a 40° F. room and permitted to thaw slowly, after which they were judged 
for color, flavor, texture, aud sugar crystallization. 

TABLEJ 


Varieties, flavor and degree of ripeness of peaches when packed 


Variety (cross) 

Flesh 

color 

Quality 

Acid* 

Degree of 
ripeness 

Date 

ripe 

1Tosi th x Marigold-K .. 
Heath x Marigold 

I. H. Hale x Gage-K50 
Elberta x Ea. Elberta 

J. II. Hale x Gage 
< lage x Elberta 

J. II. Hale x Elberta 
Elberta x Southhavcn 

White 

White 

Yellow 

Yellow 

Yellow 

Yellow 

Yellow 

Yellow 

Good 

Good 

Good 

Very good 
Very good 
Excellent 
Good | 

Good 

1.65 

0.48 

0.76 

0.63 

0.72 

0.49 

Slightly green 
Slightly green 
Slightly green 
Well ripened 
j Well ripened 
j Very ripe 

Well lipcncd 
Very ripe 

Aug. 5 
Aug. 4 
Aug. 15 
Aug. 22 
j Aug. 22 

I Aug. 21 
Aug. 28 
Sept. 1 


* Bata on acid content supplied by Pr. B. V. Lott. Values represent percentage male- 
acid in the fruit juice. 


Cane sugar, enzyme converted corn sirup, 3 and dextrose hydrate were 
the sweetening agents used in the preparation of the experimental packs. 

EXPERIMENTAL RESULTS 
Heath x Marigold-K 

This variety of peach is white. It was packed using fruit-sugar con¬ 
centrations of (2'i-l), (2.5 l-l), and (3 hi). The following combinations 
of sweetening agents were used in the three concentrations listed above: 

1. 100 per cent sucrose 

2. 100 per cent dextrdse 

3. 100 per cent enzyme converted corn sirup 

4. 25 per cent sucrose plus 75 per cent dextrose 

5. 50 per cent sucrose plus 50 per cent dextrose 

6. 75 per cent sucrose plus 25 per cent dextrose 

7. 25 per cent sucrose plus 75 per cent corn sirup 

8. 50 per cent sucrose plus 50 per cent corn sirup 

0. 75 per cent sucrose plus 25 per cent corn sirup 

10. 25 per cent dextrose plus 75 per cent corn sirup 

'This product will be referred to as corn sirup, and contained approximately 38% 
moisture, 10% dextrine, 41% maltose and higher sugars, and 31% dextrose. 
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11. 50 per cent dextrose plus 50 per cent corn sirup 

12. 75 per cent dextrose plus 25 per cent corn sirup 

The peaches were slightly green hut had a fair flavor when packed. The 
fruit was judged after approximately 5 months of storage. 

The (2-t-1), (2.5 i 1), and (3 4-1) packs were placed in that order 
when judged for color. Of the packs prepared with a single type of sweet¬ 
ening agent, the sucrose samples had the best color, the packs prepared with 
corn sirup were second best, and the dextrose samples had the least desirable 
color, being very brown. The color of the peaches using the different com¬ 
binations of sucrose and corn sirup was about the same, though some prefer¬ 
ence was shown for those packs prepared with 50 per cent corn sirup and 
50 per cent sucrose in a concentration of two parts of fruit to one part of 
sugar. 

The best-flavored packs were the (2 4-1), (2.5 4 1), and (3 4-1) in that 
order. Of the packs prepared with a single sweetening agent, the sucrose- 
packed fruits were best, the corn sirup packs were second best, and the 
dextrose-packed samples were third. Considering all lots, the samples hav¬ 
ing the best flavor contained 50 per cent corn sirup plus 50 per cent sucrose 
in a concentration of two parts of fruit to one part of sugar. 

Dextrose was most soluble in the (3 \ 1) packs. It was less soluble in 
combination with corn sirup than with sucrose. There was evidence of 
crystallization of the dextrose in all of the corn sirup and dextrose combina¬ 
tions. 

Heath Marigold 

This variety of poach was packed using fruit-sugar concentrations of 
(2 1), (2.5 1 1), and (3 + 1). The same combinations of sucrose, dextrose, 
and corn sirup were used as in the previous experiment. 

The (2 i 1), (2.5 1). and (3^-1) packs were placed in that order when 

judged for color. The corn sirup pack had the best color of all lots con¬ 
taining a single sweetening agent, followed by the sucrose pack and the 
dextrose pack. The all-dextrose pack was very brown. The colors of the 
peaches in combinations of corn sirup and sucrose were about the same 
except the 50 per cent sucrose and 50 per cent corn sirup sample in a 
(2.5 rl) concentration, which was the best of all packs, followed by the 
same sweetening agent combination in a (2 i 1) pack. 

The best-flavored packs ware the (2 - 1), (2.5 + 1), and (3 • 1), in that 
order. Of the packs containing a single sweetening agent, the sucrose- 
packed fruits were best, followed by corn sirup and dextrose sugar packs in 
the order named. The best-flavored fruit of the entire pack was the 75 
per cent sucrose plus 25 per cent corn sirup sample in a (2.5 ! 1) concentra¬ 
tion, followed by the sample containing 25 per cent sucrose plus 75 per cent 
corn sirup in a (2 +1) concentration. There was evidence of crystallization 
in all packs where dextrose was used. 
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Gage x Elbcrta 

This variety of peach was packed vising fruit-sugar concentrations of 
(2 i 1), (3 + 1), and (4 + 1). 

The sweetening agents used in this pack were added in the form of sirup 
and were compared with samples packed using sugar and corn sirup added 
on a weight basis as follows: 

1. 100 per cent sucrose 

2. 100 per cent corn sirup 

3. 50 per cent corn sirup plus 50 per cent sucrose 

4. 40 per cent corn sirup 

5. 50 per cent corn sirup 

6. 60 per cent corn sirup 

7. 40 per cent sucrose sirup 

8. 50 per cent sucrose sirup 

9. 60 per cent sucrose sirup 

10. 20 per cent sucrose sirup plus 20 per cent corn sirup 

11. 25 per cent sucrose sirup plus 25 per cent corn sirup 

12. 30 per cent sucrose sirup plus 30 per cent corn sirup 

These peaches were very ripe and had an excellent ilavor when packed. 
The fruit was judged after 4 months of storage. 

The (2 + 1), (3 + 3), and (4 +1) packs were placed in that order when 
judged for color. In those samples packed with sirup, the best-colored 
fruits were obtained using sirups of high sugar concentrations. Of the 
samples containing a single sweetening agent, the sucrose pack had the best 
color, followed by the 100 per cent corn sirup pack. Both packs were ol’ 
excellent color, however. 

The best-flavored packs were those of a (2 +1) concentration, followed by 
the (3 + 1) and the (4 + 1) packs. The (4 * 1) packs all were bitter. The 
all-sucrose pack had the best flavor, followed by the 50 per cent sucrose plus 
50 per cent corn sirup pack, which was second, and the 100 per cent corn 
sirup pack, which was third. Of the packs using sirup, the best-flavored 
samples were prepared with sirups of high (60 per cent) sugar concentra¬ 
tion. 

J. H. Hale x Gage 

This variety of peach was packed using fruit-sugar concentrations of 
(1 + 1), (2 + 1), (3-1 1), and (4-t 1). The sweetening agents used were 
added in the form of a 50 per cent sirup and were compared with both dry 
sucrose and 100 per cent corn sirup as follows: 

1. 100 per cent sucrose—dry 

2. 100 per cent corn sirup 
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8. 50 per cent, corn sirup plus 50 per cent sucrose (heated 

to boiling and cooled before adding to peaches) 

4. 50 per cent corn sirup plus 50 per cent sucrose (mixed 

cold before adding) 

5. 50 per cent corn sirup plus 50 per cent sucrose (mixed 

as added to peaches) 

These peaches were well ripened when packed and had a good flavor. 
The fruit was judged after 5 months of storage. 

The pack in general had a good appearance, with the color becoming 
slightly less desirable as the concentration of! sugar sirup decreased. The 
all-sucrose pack had the least desirable color. The (1 -1) pack resulted 
in a slightly pulped fruit. All of the samples lacked flavor, with no dis¬ 
tinct differences noticeable. In general the pack was not satisfactory. 

Elberta x Early Elberta 

This variety of peach was packed using fruit-sugar concentrations of 
(1 * 1). (2 1). (3-i 1), and (4 1). The sweetening agents used were 
added in the form of sirup or on a dry basis in the following combinations: 

1. 100 per cent sucrose—dry 

2. 100 per cent corn sirup 

8. 50 per cent corn sirup plus 50 per cent sucrose (heated 

to boiling and cooled before adding) 

4. 50 per cent corn sirup plus 50 per cent sucrose (mixed 

cold before adding) 

5. 50 per cent corn sirup plus 50 per cent sucrose (mixed 

as added) 

These peaches were well ripened and had an excellent flavor when 
packed. The fruit was judged after (> months of storage. 

The 100 per cent corn sirup packs had the best color, followed by 100 
per cent sucrose, and 50 per cent corn sirup pins 50 per cent sucrose com¬ 
binations. The boiled sirup combinations were the least desirable. The 
natural fruit color increased with the increase in sugar concentrations 
throughout the pack. 

The body and texture of the poaches became less desirable with a decrease 
in the sugar concentrations, except the (1 + 1) pack, in which the fruit was 
pulped and the sugar was crystallized. 

The best-flavored groups were the packs containing 50 per cent sucrose 
plus 50 per cent corn sirup, mixed before adding, followed hy the packs pre¬ 
pared with 100 per cent corn sirup, 100 per cent sucrose, and 50 per cent 
corn sirup and 50 per cent sucrose mixed as added. The boiled sirup sam¬ 
ples were the least desirable. The intensity of the fruit flavor increased 
with the increased sugar concentrations. The best individual sample was 



vu 


I\ IT. TRACY, ET AL. 


tlie (111) pack using 100 per cent corn sirup, followed by the (2 hi) con¬ 
centration prepared with 100 per cent sucrose, and the sample containing 
100 per cent corn sirup in a (3 4-1) pack. 

The same results were obtained using the same types of packs with a 
J. II. Hale and (4age-K50. 


Elbcrla x South haven 

These peaches were packed in 1-gallon paper containers using fruit-sugar 
concentrations of (2 . 1), (3 4 1), and (4 hi). The sweetening agents used 
were 80 per cent sucrose sirup, 80 per cent corn sirup, and 70 per cent corn 
sirup. 

The fruit was well ripened when packed and had an excellent flavor. 

The different packs all were judged to be excellent in color with no dis¬ 
tinct difference in appearance. All samples also rated excellent in flavor, 
with the (2 +1) pack using 80 per cent sucrose sirup best, the (2 1 1) 70 per 
cent corn sirup pack second, and the (3 h 1) 80 per cent corn simp pack last. 

J. II. Hale x Elbcrla 

This variety of peach was packed using fruit-sugar concentrations of 
(2 t 1), (3 4 1), and (4 • 1). The sugars used in this pack were added in 
the form of sirup or on a dry basis in the combinations given below: 

1. 100 per cent sucrose 

2. 100 per cent corn sirup 

3. 50 per cent corn sirup plus 50 per cent sucrose 

4. 40 per cent corn sirup 

5. 50 per cent corn sirup 

6. 00 per cent corn sirup 

7. 40 per cent sucrose sirup 

8. 50 per cent sucrose sirup 

0. 60 per cent sucrose sirup 

10. 40 per cent sirup—half sugar and half corn sirup 

11. 50 per cent sirup- -half sugar and half corn sirup 

12. 70 per cent sirup—57 per cent sugar and 43 per cent 

corn sirup 

These peaches were ripe and had a good flavor when packed. The fruit 
was judged after 4 months of storage. 

The (2 41), (3f 1), ami (4 ♦ 1) packs were placed in that order when 
judged for color. The best colors were evident when sirups of high sugar 
concentrations were used. Of the lots containing a single sweetening agent, 
the corn sirup pack was considered to have a better color than the sucrose 
pack. In the packs containing sucrose plus corn sirup combinations, there 
was little difference in the color of the various samples. 
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The best-flavored samples were the (2 i1) packs, followed by (3 + 1) 
and (4 i l) packs. The all-sucrose packs had the best flavor, followed by 
the 50 per cent sucrose plus 50 per cent corn sirup packs, and the all-corn 
sirup packs. The flavors of the peaches packed with different concentra¬ 
tions of sirups improved with the increase of total solids in the sirup used. 

DISCUSSION 

Of the varieties of peaches used in this study, the Gage crossed with 
Elbert a proved to be most satisfactory from the standpoint of flavor, color, 
and body. 

In the selection of a peach to be frozen-packed for later use in ice cream, 
it. was found to be important that the fruit be well ripened, firm yet juicy, 
of golden yellow color and of distinct flavor. High sugar concentrations 
did not cause as excessive bleeding of the peach as it does in the case of 
fruits such as tin* strawberry. The best flavor usually resulted from the 
use of a high sugar concentration of two parts fruit and one part of sugar 
(2 i-1); however, satisfactory results were obtained with (3 4 1) packs. 
Packs containing only 20 per cent sugar (4 -t 1) were not satisfactory be¬ 
cause of the loss in flavor during storage. 

Dextrose, because of its low solubility, crystallized when used alone. In 
combination with sucrose or corn sirup, little crystallization occurred in 
(3 <1) packs when the proportion of dextrose was not greater than 50 per 
cent. 

Corn sirup produced satisfactory results when used to replace 50 per 
cent of the sucrose. Such combinations were in some cases superior in flavor 
to the all-sucrose packs. When the corn sirup was used to replace all the 
sucrose, the flavor usually was considered less desirable. 

Better fruit color resulted from the use of a combination of corn sirup 
and sucrose than when sucrose was used alone. 

In comparing the different, methods of adding the sugar and sirup to the 
fruit, it was found that adding the sugar in dry form gave best results. 
When sugar and corn sirup both were used, adding the fruit, sugar, and 
sirup in alternate layers was most satisfactory. Inverting of the containers 
at least once before final storage was found to aid in uniform mixing of the 
sugar and sirup with the fruit. 


conclusions 

1. Peaches vary a great deal from the standpoint of their desirability 
for storage in frozen form. 

2. Peaches to be frozen-packed should be well ripened, firm, juicy and 
of a golden yellow color. 

3. For best flavor and color, the proportion of fruit to sweetening agent 
should be (2 + 1). 
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4. From the standpoint of flavor and color, a combination of 50 per cent 
cane sugar and 50 per cent, corn sirup proved to be most satisfactory. 

5. Because of its low solubility, dextrose should not be used in greater 
proportions than 50 per cent of the sweetening agent used and should not be 
used in fruit-sugar ratios in which flic proportion of fruit to sugar is less 
than 3 to 1. 

6. When using a combination of sugar and corn sirup, the fruit, sugar, 
and sirup should be added in alternate layers. There is no particular 
advantage in combining the sugar and sirup before adding to the fruit. 
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HERITABJLITY OF HEAT TOLERANCE IN DAIRY CATTLE 

I). M. SKAT Hi 

Louisiana Agricultural Experiment Station , Baton Loach 

Dairy cattle with a high degree of tolerance to heat are especially desir¬ 
able in southern regions of the United States. Those possessing this heat- 
tolerance characteristic would be in special demand if they transmitted 
portions of it to their offspring. Otherwise, little permanent gain would 
be made in selecting animals possessing a high tolerance to heat. 

Previous studies by Freeborn ct al (2) and Scath and Miller (9) have 
shown that Jerseys appear to be more tolerant to heat than do Ilolsteins. 
No attempt was made, however, to measure the degree to which heat toler¬ 
ance is heritable. The present study was undertaken in an attempt to 
answer that question, ft also was conducted in an effort to determine, if 
possible, what particular type of observation and how many observations 
should be made in order to best measure heat tolerance in dairy cattle. 

MATERIAL AND METHODS 

A description of the cows used and the method of securing the data 
have been covered in a previous paper (8). In brief, the procedure in¬ 
volved taking body (rectal) temperatures and respiration rates (from flank 
movements) of milking cows soon after they entered the milking barn at 
appproximately 3: 00 p.in. In 1944, records were taken twice weekly over 
a period of 13 weeks between July 28 and October 24. During 1945, fifteen 
observations were made between July 16 and August 24. 

The cows were handled in two separate dairy units, thus necessitating 
observations on separate days. Each unit consisted of both Jersey and 
Holstein cows. In 1944 there were 36 Ilolsteins aud 16 Jerseys, while in 
1945 there were 41 Holsteins and 27 Jerseys. Only 13 Ilolsteins and 8 
Jerseys were the same for the 2 years. 

results 

Sire progeny rank and repeatability for two years. Body temperature 
and respiration rate averages for sire progeny groups (table 1) give some 
evidence that data taken dning one year are a reasonably good indication 
of what can be expected another year from groups of cows by the same sire. 

Received for publication November 18, 1946. 
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Tn 1944 records were averaged on 52 daughters of 7 sires, the number of 
daughters varying from 4 to 11 per sire. During 1945 the number of daugh¬ 
ters by these same 7 sires, plus one new one, totaled 68 and varied from 
4 to 17 per sire with only 21 of them being the same as those observed in 
1944. 

The relative ranks of the respective sire progeny groups are much the 
same for the 2 years, with body temperature ratings more nearly alike than 
those for respiration rate. Of special interest are the high ratings on the 
basis of average body temperature for Holstein groups, with Jersey groups 
sharing the top ratings on the basis of respiration rate. It will be noted 
that daughters of Jersey sire no. 7 ranked highest in respiration rate for 
each of the 2 years, with over 100 respirations per minute. In contrast, the 

TABLE 1 


Body temperature and respiration rate averages and rank of sire progeny groups 
(Progeny of 7 sireB, using data on 8 warmer days)* 


Sire 

no. 

Breed 

Body temperature 

Respiration rate per minute 

Av. 

Relative rank 

Av. 

Relative rank 



1944 

1945 

1944 

1945 

1944 

1945 

1944 

1915 

1 

Holstein 

304.27 

104.26 

2 

2 

79.0 

81.5 

7 

f> 

2 

t < 

104.19 

103.91 

3 

3 

81.6 

86.3 

3 

4 

3 

i i 

103.79 

103.89 

4 

5 

88.2 

94.2 

2 

2 

4 

t < 

104.40 

104.26 

1 

1 

79.2 

80.0 

6 

7 

5 

J ersey 

103.38 

103.16 

5 

7 

79.5 

80.7 

4 

6 

6 

i i 

102.91 

103.90 

7 

4 

79.3 

92.9 

5 

3 

7 

t i 

103.09 

103.51 

6 

6 

100.2 

100.9 

3 

1 


* Air temperature averagod approximately 89° F. for 8 days observed. 


daughters of this same sire ranked sixth for each of the 2 years on the basis 
of body temperature. In reverse order, the progeny of Holstein sire no. 4 
ranked highest in body temperature for both years; yet, on the basis of 
respiration rate, they ranked sixth in 1944 and seventh in 1945. Likewise, 
the progeny of sire no. 1 ranked second highest in body temperature each 
year, yet were seventh and fifth, respectively, in respiration rate for the 2 
years. 

Correlation coefficients between the average records for the 8 warm days 
in 1944 with those for 1945 were computed for the 21 cows common to the 
study for both years. Results of this study, when considered on an intra- 
breed-herd basis, yielded r values of 0.37 for body temperature and 0.64 
for respiration rate. This shows that cows tend to react to warm weather 
in a given year similarly to the way in which they reacted the previous year. 

The use of components of variance in the analysis . Analysis of variance 
(10) was used to segregate differences (a) between herds (included differ¬ 
ences between days on which herds were observed), (b) between breeds 
within herds, (c) between sires within same breed and herd, (d) between 
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cows within same sire, breed, and herd group, and (e) between records of 
the same cow. An example of this method of segregating portions of the 
total variance can be seen in table 2. The procedure used in deriving an 
estimate of heritability of heat tolerance and the repeatability between single 
records of the same cow also is shown. This procedure involved, in prin¬ 
ciple, the computing of intra-class correlations (10)—in one case that be¬ 
tween single records of paternal sisters, which was multiplied by 4 in order 
to secure an estimate of heritability of differences between single records 
(4), and in the second ease, that between single records of the same cow, 
which gave an estimate of average repeatability of single records (5). 


TABLE 2 


Analysis of variance for body temperature 
(Data for milking rows obsoned on 8 warmer days in 1044) 


Source of variance 

±f. 

Mean 

square 

Composition 
of mean 
square 

Between herds . 

1 

7.53 


Between breeds within herds 

o 

45.65 


Between sires within herd and breed 

10 

2.296 

E + cC + sS 

Between cows within sire, herd, and breed 

38 

1.43 

E -f cC 

Between records of same cow 

364 

0.688 

E 


K = Variance between records of same cow 
c = Number of records per cow 
n = Computed number of records per sire group (4) 

C = Variance between cows witliin same sire, breed, and herd 
(E±c,C) ~E _ 1.43-0.688 
c "" ~ 8 

S = Variance between sires within same breed and herd- 
(E + cC + sS) - (E + cC) _ 2.296 - 1.40 
~ s ” = 28.32 


= 0.688 
= 8 
= 28.32 

= 0.0927 


= 0.0306 


Repeatability between single records of the same cow = 
C + S __ 0.0927 + .0306 

E + C + £~ 0.688 + 0.0927 0.0306 
Estimate of heritablc portion of the variance = 

4 S _ (4) 0.0306 

E \ C-\ S ~ 0.688 + 0.0927 + 0.0306 


Days selected for measuring heat tolerance . A preliminary study was 
made to determine whether data for all test periods should be used for each 
year as a measurement of heat tolerance or whether data showing reactions 
of cows during the warmer days only would give the most accurate informa¬ 
tion. To determine this answer it was necessary to compare the repeat¬ 
ability of individual cow records when all data were used to that computed 
using the 8 warmer days, as shown for 1944 in table 2. These comparisons, 
as given in table 3, show in all cases that body temperature and respiration 
reactions tended to repeat themselves more closely on the 8 warm days than 
during the entire test periods. It is probable that this took place because 
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TABLE 3 


Comparison of repeatability of single records of same cow for S warmer days 
versus entire period of test 



Using entire test period 

Using 8 warmer days 


1944 

1945 

1944 

1945 

Air temperatures for test periods 
Range 

Avorage 

65-93 

85 

75-91 

86 

86-9;? 

89 

87-91 

89 

Repeatability of single records 

Body temperature 

Respiration rate 

0.080 

0.254 

0.067 
| 0.167 

0.152 

0.42 

0.385 

0.478 


of the threshold effect, which causes cows to react differently and more as 
individuals when air temperatures rise above a certain level. 

Data for the 8 warmer days also were the most useful in estimating the 
degree to which heat tolerance is heritable. As with repeatability between 
single records, it was found that the higher air temperatures as they existed 
on the 8 warmer days tended to increase the portion of the variance attribut¬ 
able to differences in heredity by from two to four times that found when 
data for all observation days w T ere considered. 

Heritability of body temperature changes . Analysis of the 1944 data 
for body temperature taken on the 8 warmer days is presented in table 2. 
Data taken in 1945 have been subjected to the same analysis, llesults for 
the two years are shown in table 4. In general, it appears that the year 
1945 produced greater variations that were attributable to differences be¬ 
tween cows. As evidence of this, the repeatability between single records 
of the same cow was 0.385 or 38.5 per cent for 1945 as compared to 15.2 
per cent for 1944. 

Repeatability and herixability of respiration rate. When the analysis 
of variance procedure was applied to the respiration data taken on the 8 
warmer days, the results (table 5) gave an estimate of repeatability. As 
shown in table 5, the repeatability in 1945 between records of the same cow 
was 0.481 or 48.1 per cent. The corresponding value for 1944 was 42 per 

TABLE 4 


Two-year comparisons of portions of variance concerned with heritability 
of body temperature 



1944 

1945 

C = Variance between cows of same sire, breed and herd 

8 = Variance between sires within same breed and herd 

0.0927 

0.0306 

1 

(y i| $ 

a —ttto " Repeatability between single records of same cow 

iSt(/Tl5 

0.152 

0.385 

-ft, - = Estimate of heritable portion of variance 

Ja + O + a 

0.151 

0.309 
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cent. The estimates of heritable portions of variance were surprisingly 
high, ?>., 84.3 per cent for 1945 and 76.6 for 1944. 

TABLE 5 


Analysis of variance for respiration ratf 
(Data for milking cows observed on 8 wanner days in 1945) 


Source of variance 


Mean 

square 

Composition 
of mean 
square 

Between herds 

1 

123.0 


lie tween breeds within herds 

o 

504.5 


Between sires within herd and breed 

12 

2444.5 

E + cC + sS 

Between cows within sire, herd and breed 

52 

743.8 1 

E+cC 

Between records of same cow 

473 

143.8 

E 


E = Variance between records of same cow =143.8 

<y = Number records per eow = 8 

Computed number records per sire group = 29.12 

C = Variance between cows within same sire, breed, and Iicrd= 75.00 
8 = Variance between sires within same breed and herd =. 58.40 

Repeatability between single records of the same cow = 0.481 

Estimate of heritable portion of the variance = 0.843 


DISCUSSION 

Similarity between the ratings in 1944 and 1945 of seven sires on the 
basis of the response of their daughters to warm weather was quite striking 
(table 1). These ratings, on the bases of both body temperature and respi¬ 
ration rate, were enough alike for the 2 years to suggest that inheritance 
must play an important part in causing differences to exist in heat tolerance 
among dairy cows. Discrepancy between the ratings on the basis of respira¬ 
tion rate as compared to those for body temperature, however, leaves doubt 
as to the emphasis that should be placed on each of the two heat-tolerance 
measurements. As was pointed out, the progeny of certain sires ranked 
near the top in respiration rate, yet near the bottom in body temperature, 
with the reverse true in one or two cases. This took place even though studies 
show (3, 8) that both body temperature and respiration rate are correlated 
closely with air temperature. It would seem that body temperature is prob¬ 
ably the safer index on which to judge heat tolerance, since this is no good 
reason for wanting cows to have high body temperatures. On the other 
hand, the inheritance of fast breathing by a cow may aid her considerably 
in quickly eliminating excess heat, which contributes to her comfort (and 
possibly her health) by more nearly maintaining a normal body temperature. 

Repeatability between the averages of warm-weather records for con¬ 
secutive years among cows of the same breed, based on only 21 cows common 
to the study for the 2 years, was highest for respiration (r * 0.64) and lowest 
for body temperature (r = 0.37). In the case of both respiration and body 
temperature, these results show that the cow as an individual reacts to 
warm weather in a manner which is similar from year to year and suggests 
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that, the reason for the similarity in reactions must be due, at least partially, 
to inheritance. 

liesults of this study are in line with findings by liegan and Freeborn 
(7) and the general practice of making heat-tolerance observations on warm 
days only. When 8 warm days were used, the individual records of each 
cow show repeatability averages for body temperature of 15.2 per cent and 
38.5 per cent, respectively, for the 2 years. For respiration rate the repeat¬ 
ability was higher, being 42 per cent and 47.8 per cent, respectively. 

Efforts to estimate heritability of individual body temperature records 
on the basis of sire-progeny differences, although subject to much sampling 
error, gave results which appear reasonable, i.c., 15.1 per cent in 1944 and 
20.9 per cent in 1945. These are approximately the same as the 15.2 per 
cent and 38.5 per cent which represent the estimates for repeatability of 
individual records of the same cow for these 2 years. In general, one would 
expect tlic repeatability percentage to exceed that for heritability (5), for 
a cow tends to repeat her performance, not only because of her specific 
inheritance but also because of certain factors peculiar to herself, including 
those involved in her environment. 

If 15 to 30 per cent is a reasonable estimate of heritability, then one can 
closely predict what progress can be made through breeding toward more 
tolerance to high air temperature. For example, if selection in a herd 
results in saving, as parents, cows (and a bull) that average 1° F. lower in 
body temperature (when tested on a warm da a ) than the average of tlic 
entire herd, then one would expect offspring from these selected parents to 
average from 0.15 to 0.3° F. lower than the herd average when subjected 
to a similar test. This degree of heritability is in line with that found 
when considering single production records of dairy cows (5. 6). In both 
cases, as explained by Lush (5), the use of more than one record increases 
the heritable portion of the variance, although it does lower slightly the 
spread between the average of those saved and the average for the herd, 
which is spoken of as the selection differential. Even so, the increase is 
worthwhile. Using two records with an average heritability of 20 per cent 
would increase progress from selection by 29 per cent over that secured 
when only one record is used. The increase would be 58 per cent using 
four records, and 83 per cent when eight records arc used. 

Mention already has been made of the unexpected results secured from 
a study of respiration rates. The estimates for heritability of 76.6 per 
cent for 1944 and 84.3 per cent for 1945 greatly exceed those for repeat¬ 
ability of single records, which were 42 per cent and 48.1 per cent, respec¬ 
tively, for these 2 years. In general, one can expect repeatability per¬ 
centages to exceed those for heritability for reasons already explained in 
connection with body temperature comparisons. Cases where this does 
not occur can be explained by sampling errors, c.g., calculation of fiducial 
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limits for lieritability- indicates that results secured are well within the 
range of expectation, considering number of animals tested and number of 
sires involved in the estimates. 

In general, this experiment has yielded results which indicate that 
respiration rate as a measure of tolerance to heat, while highly repeatable, 
gives results which are hard to explain and does not appear to coincide 
closely enough with body temperature as a measurement to permit general 
use of respiration rate, to the exclusion of other tests. On the other hand, 
body temperature, while slightly less repeatable, does appear to bo a good 
test for heat tolerance and yields results which are reasonable. 

SUMMARY 

Tests of Jerseys and Holsteins involving 52 cows by 7 sires in 3944 
and 68 cows by 8 sires in 1945 with respect to the heritability of heat toler¬ 
ance as indicated by variations in body temperature and respiration rate 
gave results as follows: 

3. Hanking of sire progeny by years showed a great similarity for the 2 
years, although there was discrepancy between rank on basis of body tem¬ 
perature and that for respiration rate. Some sire groups ranked high oil 
one basis and low on the other and vice versa. 

2. Twenty-one cows included in study for both years showed correlations 
between average records for 8 warmer days (on an intra-herd-breed basis) 
of 0.37 for body temperature and 0.64 for respiration rate. 

3. Using records for 8 warmer days gave a repeatability for individual 
body temperature records of same cow of 15.2 per cent for 3944 and 38.5 
per cent for 3945, as compared to 8 per cent and 6.7 per cent for the 2 years 
when all observation days were used. In like manner, respiration rates were 
more highly repeatable using only the warmer days. 

4. Estimates of heritability of individual records based on sire-progeny 
differences were for body temperature 35.1 per cent and 30.9 per cent for 
the 2 years, and for respiration 76.6 per cent and 84.3 per cent. Figures 
for respiration appear out of line, as they greatly exceed the estimates of 
repeatability and the reverse condition was expected. 

5. Body temperature appears to be a safer measuring stick for heat 
tolerance than does respiration rate. 

6. The estimate of heritability of body temperature (15 to 30 per cent) 
is in line with that found for individual production records of cows. In 
practice this would mean that the offspring from parents selected because 
of their tolerance to heat would be expected to retain from 35 to 30 per 
cent of the advantage that the parents had over the average for tlie herd 
or breed. 

2 Fiducial limits at the f> per cent level of significance computed as per methods out¬ 
lined by Fisher (1) resulted in estimates of heritability of single respiration records 
ranging from 22 to 177 per cent in 1944 and from 25.0 to 232 per cent in 194r>. 
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7. Using more than one record greatly increases progress through selec¬ 
tion. If heritable portion of variance between single heat tolerance record 
is 20 per cent, then progress through selection would increase by 2.9 per cent 
using two records, 58 per cent with four, and 83 per cent using eight records. 
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A COMPARISON OP THE BABCOCK, GERBER, MINNESOTA, 
PENNSYLVANIA, AND MOJONNIER METHODS FOR 
DETERMINING THE PERCENTAGE OP PAT 
IN HOMOGENIZED MILK 1 

G. M. TROUT and T. S. LUCAS 
Michigan Agricultural Experiment Station, East Lansing, Mich . 

The general acceptance of homogenized milk today has made imperative 
a study of the existing methods for testing it for butterfat. Extensive 
studies have been made by several workers on the various methods of testing 
nonhomogenized milk for butterfat, but the data are somewhat limited when 
the methods are applied to homogenized milk. 

LITERATURE 

The Roese-Gottlicb ( Mojonnier ) Method 

Burr (6), comparing several methods for testing homogenized milk for 
fat, found the Itoese-Uottlieb method the most accurate. This test was so 
considered by all the chemists at that time. Richmond (28) pointed out 
that for ease and accuracy the lioese-Gottlieb method appeared to be the best 
method for determining the percentage of fat in homogenized milk. Mar- 
quardt (23) stated that ether extraction methods gave the most reliable 
results when testing homogenized milk for fat. Doan (12) stated that the 
homogenization process did not influence the accuracy of the Roese-Gottlieb 
or the Mojonnier methods. Mojonnier (25) reported the results of nine 
tests made by the Kohler and Kohler Laboratories showing that homogenized 
milk tested by the Mojonnier method averaged 0.012 per cent less than the 
same milk not homogenized. Dahlberg, Holm, and Troy (11). in comparing 
the Uoese-Gottlieb tests of milk made by five different laboratories, double 
homogenized one sample at 2,500 lbs. pressure to render it homogeneous for 
all laboratories. The sample of homogenized milk did not yield tests with 
the least variation between duplicates or between laboratories. 

The Babcock Method 

The literature on the Babcock method for testing homogenized milk has 
been reviewed by Herreid (15) and by Trout and Lucas (34) and need not 
be repeated in full here. However, some review seems necessary to point 
out the relationship of the procedure in question with the Mojonnier method. 

Nonhomogenized milk . Dahlberg (9) showed, in a comparison of 32 
tests of nonhomogenized milk varying in fat content from 4.42 to 4.92 per 
cent, the Babcock test to be an average of 0.1 per cent high, reading from 
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the bottom of the lower meniscus to the extreme top of the upper meniscus. 
Phillips (27) on 50 trials observed that the Babcock tests of nonhomogenized 
milk ranged from 0.005 to 0.126 and averaged 0.0588 per cent higher than 
tlie Roese-Gottlieb tests. Wilster and Robichaux (36) found in testing 1,380 
samples that the Babcock test of nonhomogenized milk ranged from 0.074 to 
0.077 per cent higher than the Mojonnier tests. They reported no studies 
on homogenized milk samples. 

Ilileman et al. (18). surveying the literature, reported that twelve of 
fourteen investigators secured results with the Babcock test on nonhomogen¬ 
ized milk slightly higher than the Mojonnier, the over-all average being 
j- 0.076 per cent above that of the Mojonnier. Fahl, Lucas, and Baten (13) 
found the Babcock tests higher than those for the Mojonnier. Herreid ct al. 
(16), in Accounting for milk fat, secured results by the Mojonnier method 
on unpreserved milk which agreed with those obtained by the Babcock 
method. 

On the other hand, some investigators reported lower tests by the Bab¬ 
cock method than by the Mojonnier. Dahlberg (9), although securing 
higher results by the Babcock method when the fat column was read accord¬ 
ing to standard technic, nevertheless did secure lower tests when oil was 
applied to destroy the meniscus. Dahlberg, Holm, and Troy (11) did not 
verify the results of several previous investigations which tended to show 
that the Babcock test gave slightly but uniformly higher percentages of fat 
than the Mojonnier. 

Mojonnier and Troy (24) reported data showing that the difference 
between the Babcock and Mojonnier tests was not constant in one direction 
but that the Babcock test varied both above and below that of the Mojonnier. 
Later, Mojonnier (25) reported the results of Babcock tests on nine samples 
of homogenized milk which averaged 0.072 per cent higher than the Mojon¬ 
nier tests. Other tests indicated a higher percentage of fat in the fat 
columns of test of homogenized milk than in those on nonhomogenized milk. 

From calculations of the data presented by Babcock (3) in introducing 
his lost, of 30 samples of whole milk tested by the Babcock and gravimetric 
methods, 15 Babcock tests were above and 15 were below those of the ether- 
extraction method. The Babcock test results varied from -0.16 to -s 0.30 
per cent from results of the gravimetric procedure. The average tests 
differed by 0.01 per cent, the Babcock method being higher. 

Homogenized mill r. Generally the Babcock test of homogenized milk 
yields results slightly lower than on the same milk not homogenized, being 
within the 0.1 per cent tolerance for the test. Workers of the Arizona Ex¬ 
periment Station (1) reported comparison of some 30 samples of homogen¬ 
ized milk from different sources, and homogenized at different pressures, 
indicated that the Mojonnier test was from 11 to 25 per cent higher than the 
Babcock test. Later (2) they reported data on six trials of milk homogen- 
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ized from 2,000 to 4,000 lbs. pressure which showed 1 hat the Mojonnier test 
consistently gave results higher than the Babcock and that the difference was 
believed sufficient to justify a correction when the Babcock method was used 
for homogenized milk. 

Doan (12), using a modified Babcock method, secured results from 0.084 
to 0.11 per cent higher than those by the Mojonnier method, the differences 
being only insignificantly higher titan the average in the literature for non- 
homogenized milk. Lamport and Brandon (21) secured results on homogen¬ 
ized milk within an average of 1-0.03 ]>or cent of the Mojonnier results when 
using the regular Babcock method on unpreserved samples. This was 
within 0.01 per cent of the Babcock tests on nonhomogenized milk. Ho¬ 
mogenized samples preserved with formalin averaged 0.33 per cent less titan 
by the extraction method. They concluded that the regular Babcock pro¬ 
cedure gave accurate results on unpreserved homogenized milk, but a lower 
test when the sample was preserved with formaldehyde. Trout and Lucas 
(34) reported that many modifications of Ihe Babcock method existed. Aver¬ 
ages of* results of five trials on each ol* eleven modified Babcock tests varied 
from those of the Mojonnier test from -0.03 to -0.33 per cent, depending 
chiefly upon the modification. 

Webster (33) observed in four trials on homogenized milk that the Bab¬ 
cock test averaged 0.088 per cent lower than the Mojonnier test. He reported 
that the variation between the Babcock and Mojonnier methods was affected 
directly by the size of the fat globules or, more particularly, by the relative 
number of small fat globules present. He concluded that the statement that 
the Babcock test over-reads the Mojonnier or gravimetric method by some 
stated percentage seems of little value unless the size of the fat globules is 
considered. 

The Gerber Method 

Nonhomoyinizfd milk. Fisher and Walts (34) found the average vari¬ 
ation from the Roese-Uotllieb was ± 0.337 per cent for the Babcock and 
zt 0.122 per cent for the Gerber method in testing nonhomogenized milk. 
Botli the Babcock and the Gerber tests for milk in 11 instances (68.73 per 
cent) gave results which were slightly higher than the Itoese-Gottlieb. They 
believed there was no advantage in introducing to the industry another 
method, the Gerber, which was not more accurate than the Babcock method. 
Dahl berg. Holm, and Troy (31) and Dablberg (10). applying the test to 
nonhomogenized milk, found that the Gerber and Babcock tests were com¬ 
parable from the standpoint of accuracy but recommended that one good 
practical test for fat in milk was better than two of equal merit. 

Van der Burg (5) compared the Gerber with other fat tests, including 
the Roese-Gottlieb, on 85 samples of milk. Generally the Gerber gave 
slightly higher results than the other methods. In 32 samples the Gerber 
fat values were identical with other values, in 31 samples they were 0.003 
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to 0.025 per cent higher, and in 24 samples 0.005 to 0.025 per cent lower. 
Fourteen samples varied it 0.030 to it 0.050 per cent and 4 samples it 0.055 
to it 0.100 per cent. 

Homogenized milk. Buttcnberg (8) pointed out that the determination 
of the fat content of homogenized milk by the Adams method, commonly 
used at that time, could not show results comparable with the Roese-Gottlieb 
method; even when the extraction was prolonged purposely from 10 to 12 
hours, the results were much too low. 

Siegfeld (29) used the Gerber method for testing homogenized milk with 
excellent results, but pointed out that it was necessary in testing homogen¬ 
ized milk by this method to centrifuge 12 minutes instead of the customary 
3 minutes. Burr (6), comparing several methods, found that the Gerber 
method, while fairly satisfactory, gave results which varied with the time of 
centrifuging. The homogenized milk examined was processed at 60 atmos¬ 
pheres (approximately 900 lbs.) pressure. Average results of 11 trials 
showed the Gerber test centrifuged 10 minutes varied from the Roese-Gott- 
lieb by rir 0.02 per cent, - 0.08 to 4 0.125 per cent being the range of 
variation. 

Richmond (28) found the Gerber test gave good results with homogenized 
milk, but that “the advent of homogenized milk rendered it necessary to 
remove the Adams method from the position it had so long occupied as a 
standard method.” Six trials showed that the Gerber test varied J 0.008 
per cent from the Roese-Gottlieb tests of the same milk. Istaz and Van Soest 
(20) observed that the results secured on homogenized milk by the Gerber 
method were verified by the gravimetric method in many eases. 

Hoyberg (39) had difficulty securing results by the Gerber method com¬ 
parable with those of the Roese-Gottlieb method, even when centrifuging as 
long as 45 to 60 minutes, or when prolonging the holding time in the water 
bath after centrifuging. By heating the milk to 60-65° C., holding it 5 
minutes and then making the Gerber test, results identical with those ob¬ 
tained by the Roese-Gottlieb method were secured. lie advised pouring 
heated milk directly into the sulfuric acid and amyl alcohol mixture rather 
than letting it run down the side of the butyrometer. This resulted in an 
increased amount of heat liberation, which was deemed important in testing 
homogenized milk. Milk heated to 15° C. increased to 75° C. during its 
reaction with the sulfuric acid and ainyl alcohol. At 25° C. it increased to 
82°, at 40° to 86°, and at 45° to 88° C. Milk heated to 60-65° C. would 
reach a temperature of 105° C. when added to the acid. 

Burr and Weise (7) found that the Gerber method gave comparable 
but slightly higher fat tests of homogenized milk than the Roese-Gottlieb 
method. However, in using the Gerber test, double centrifuging was neces¬ 
sary. In 18 trials the Gerber method gave results 0.03 per cent higher than 
the Roese-Gottlieb method. Von Sobbe (30) found the Gerber method very 
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satisfactory for testing homogenized milk, but noted that centrifuging had 
to be repeated at least twice, and that the mixture of sulfuric acid and milk 
plasma had to be clear and transparent. In making the test he warmed the 
milk to 60-65° C., then cooled it with agitation to remove the disturbing 
effects of homogenization. Herrington (17) pointed out that the amyl 
alcohol used in the Gerber test, was a possible source of error in the test. 
The error caused by the test might be 0.1-0.2 per cent or even higher. He 
recommended that boiling between 128° C. and 122° C. was the best method 
of identifying any sample of amyl alcohol to be used in making the Gerber 
test. 

The Mimic so ta-Bahcock Method 

While the Minnesota-Babcock test is used for the fat determination of 
all dairy products (26), few data were found in the literature on its use in 
testing homogenized milk. Trout, Halloran, and Gould (33) and Trout 
(32) studied the possibilities of the Minnesota reagent for overcoming char 
formation in testing homogenized milk. They reported results comparable 
in appearance with the best results obtained by the Babcock method but 
presented no data comparing the accuracy of the two methods. 

Lamport and Brandon (21) on two trials secured tests on homogenized 
milk by the Minnesota method which ranged from 0.22 to 0.26 per cent less 
than the Mojonnier tests. The samples were preserved with mercuric chlo¬ 
ride. They stated, “Samples preserved with mercuric chloride reacted with 
the reagent so that a black precipitate, probably finely divided mercury, was 
formed. This material entered the fat column, but in a number of cases the 
fat column dropped through this material, leaving it adhering to the neek 
of the test bottle. Although the fat tests appeared excellent, the results 
were lower than those obtained with the other procedures (Mojonnier, Bab¬ 
cock, and Pennsylvania), and the use of the Minnesota test was not con¬ 
tinued.” They concluded that the method could not be recommended for 
the testing of homogenized milk. Bird and Breazeale (4) observed wide 
variations in the fat content of the same sample of buttermilk tested by 
three Minnesota reagents. 

The Pennsylvania Method 

Few data were found on the use of the Pennsylvania method for testing 
homogenized milk. Swope (31) recommended it for the testing of homogen¬ 
ized milk. He reported several tests on two samples of homogenized milk, 
one sample of which showed an average arithmetical deviation from the 
Mojonnier test of 0.036 per cent and an average algebraic deviation -f 0.024 
per cent. The second sample showed an arithmetical deviation of 0.047 per 
cent and an average algebraic deviation of h 0.041 per cent. The range in 
deviation of the Pennsylvania tests from the Mojonnier tests was from 
- 0.009 to - 0.091 per cent. 
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Lamport and Brandon (21) found the Pennsylvania test yielded aa 
average of 0.10 per cent less fat on the homogenized milk than on the same 
milk not homogenized, the tests of the nonhoniogenized aiul homogenized 
milk being r().2‘2 and i-0.17 per cent higher, respectively, than those ob¬ 
tained by the Mojonnier method. Difficulty was encountered in making 
satisfactory tests of homogenized milk to which preservatives had been 
added. They concluded that the Pennsylvania test could not bo recom¬ 
mended for the testing of homogenized milk. 

SCOPE OF TI1E INVESTIGATION 

Inasmuch as homogenized milk is of increasing importance in market 
milk distribution, a comparative study of tlie various more common methods 
of testing milk for fat seemed advisable. In this investigation the following 
methods were compared: .Mojonnier, modified Babcock, Gerber, Minnesota- 
Babeock, Pennsylvania, and a modified Pennsylvania method. Data were 
secured from duplicate tests on 24 samples for each of the above methods. 
These tests were not necessarily designed for testing homogenized milk. 
However, it seemed desirable to include all of them in the study since some 
of them (a) are more or less eommon tests in testing laboratories, (b) are 
used in testing milk in vocational high schools, (c) employ chemicals other 
than sulfuric acid, which might thus prevent char formation, ,(d) are 
readily available, (e) are moderately priced, and ^f) arc not too difficult for 
routine analyses. 

PROCEDURE 

The milk tested was that regularly processed in the College Creamery. 
The nonhoniogenized samples were taken from the vat after pasteurization 
and prior to homogenization. The milk had been kept thoroughly mixed 
during pasteurization and homogenization in order to insure uniform fat 
distribution. The homogenized samples were taken from the cooled bottled 
product after homogenization was well under way. Mojonnier tests showed 
that the nonhomogenized and homogenized samples contained similar per¬ 
centages of fat. 

Homogenization was done by means of a 500-gallon-per-hour viscolizer 
at 2,500 lbs. pressure at 130° to 140° F. following pasteurization. The col¬ 
lected samples were cooled adequately, stored and tested as rapidly as time 
would permit. Pipetting of the portions of milk into the test bottles w T as 
done for all tests at one time to assure correct sampling. This was done 
after the milk had been tempered at 70° F. for 2 hours. These charged test 
bottles were then stored at 40° F. until the tests were made. 

The Mojonnier test was used as a standard for accuracy. Instead of 
using an approximately ten-gram portion measured volumetrically, dupli¬ 
cate samples of milk previously tempered at 70° F. w T ere weighed carefully 
on a chemieal balance directly into a fat-extraction flask. 
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The tests using Babcock test bottles were made in bottles which had been 
recalibrated for accuracy. Any bottles showing 0.1 per cent or more vari¬ 
ation from exact accuracy were discarded. The modified Babcock proce¬ 
dure employed 17.5 ml. of 1.8115 specific gravity sulfuric acid added in three 
portions, 8.0, 5.0 and 4.5 ml., respectively. Mixing was prolonged for at 
least 2 minutes after final addition of the acid, as suggested by Lucas and 
Trout (22) ; however, the water-alcohol solution was not added to support 
the fat column for reading. The Berber (Fucoma) test was carried out 
according to the directions of the Fucoma Poiripany. The reagents used in 
the Mmnesola-Babcock method were from the Kimble Blass Co. The modi¬ 
fication of the Pennsylvania test, consisted in the use of sulfuric acid having 
a specific gravity of 1.81 instead of 1.73, as recommended and as used in the 
regular procedure. 

RESULTS 

The MojoHHirr method. The data secured on testing lionliomogenized 
and homogenized milk by the Mojonnicr method are presented in table 1. 


TABLE 1 



\fnjointi< r fat li sts of nonhomoprnhrd and honwt/nri.?i d mill: 




Mojonuier method 



Series* 

Ncmliomogenized milk 

Homogenized milk j 

Variation 
from test of 






t 


uonhomo- 


Duplicated ! 

1 

Av. 

Duplicates 

1 

Av. 

genized milk 


% 1 

% » 


% 

% ? 



3 

3.651 | 

3.650 1 

3.65 

3.672 

3.671 

3.67 

+ 0.02 

2 

3.70S 

3.699 

3.70 

3.701 

3.694 

3.70 

0.00 

3 

3.695 

3.716 ! 

3.71 

3.712 

3.695 

3.70 

-0.01 

4 

3.723 

3.71 C 

3.72 

3.724 

3.738 

3.73 

^ 0.01 

f> 

3.814 

3.801 

3.81 

3.826 

3.817 

3.82 

+ 0.01 

c> 

3.831 

3.804 

3.82 

3.804 

3.815 

3.81 

-0.01 

7 

3.850 

3.864 

3.86 

3.835 

3.832 

3.83 

- 0.03 

8 

3.916 . 

3.886 

! 3.90 

3.808 

3.882 

3.80 

-0.01 

a 

3.897 

! 3.926 

3.91 

3.918 

3.905 

3.91 

0.00 

10 

4.375 

4.400 

4.30 

4.407 

4.404 

4.41 

+ 0.02 

u 

4.470 

4.476 

4.47 

4.493 

4.503 

4.50 

+ 0.03 

12 

4.532 

4.537 

4.53 

4.543 

4.552 

4.55 

+ 0.02 

13 

4.585 

4.575 

4.58 

4.560 

4.570 

4.57 

- 0.01 

14 

4.556 

4.592 

4.57 

4.594 

4.593 

4.50 

+ 0.02 

15 

4.59J 

4.589 

4.50 

4.580 

| 4.600 

4.50 

0.00 

16 

4.591 

4.590 

4.59 

4.597 

4.586 

4.50 

0.0O 

17 

4.575 

4.628 

4.60 

4.653 

4.634 

4.64 

+ 0.04 

IS 

4.61it 

4.606 

4.61 

4.608 

4.606 

4.61 

0.00 

19 

4.606 

4.627 

4.62 

4.641 

4.644 

4.64 

+ 0.02 

20 

4.763 

4.761 

4.76 

4.759 

4.768 

4.76 

0.00 

21 

4.786 

4.789 

4.79 

4.785 

4.777 

4.78 

-0.01 

oo 

4.956 

4.973 

4.96 

4.936 

4.934 

4.94 

-0.02 

23 

5.012 

5.038 

5.03 

5.040 

5.04 

5.04 

+ 0.01 

24 

5.124 

5.082 

5.10 

5.04 

5.08 

5.06 

- 0.04 

Av. 



4.344 



4.3-47 

| 0.0024 


Arranged according to increasing percentages of fat. 
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The average test was 4.344 per cent for nonliomogenized milk and 4.347 per 
cent for homogenized milk. Of the 24 samples, 6 tested exactly the same 
as the nonliomogenized; 8 tested lower, ranging from - 0.01 to - 0.04 per 
cent; and 10 tested higher, ranging from + 0.01 to ; 0.04 per cent. Thus it 
appears that homogenized milk may be tested reliably by the Mojonnier 
method. 

The modified Babcock melhod. The same samples of milk tested by the 


TABLE 2 

Comparison of modified Babcock and Mojonnier tests of homogenized milk 



Modified Babcock method 

Variations from Mojonnier 

Series* 

Nonhomo¬ 
gen ized 

Homogenized 

Variation of 
homogenized 
from non- 
homogenized 

Nonhomo- 

genized 

Homogenized 

1 

% 

3.72 

% 

3.70 

-0.02 

+ 0.07 

4 0.03 

2 

3.72 

3.70 

-0.02 

+ 0.O2 

0.00 

3 

3.77 

3.75 

-0.02 

\ 0.06 

+ 0.05 

4 

3.78 

3.78 

0.00 

+ 0.00 

+ 0.05 

5 

3.90 

3.88 

-0.02 

+ 0.09 

i 0.06 

6 

3.85 

3.85 

0.00 

+ 0.03 

t 0.04 

7 

3.90 

3.88 

-0.02 

4 0.04 

+ 0.05 

8 

3.98 

3.93 

-0.05 

+ 0.08 

4 0.04 

9 

3.95 

3.93 

-0.02 

+ 0.04 

+ 0.02 

10 

4.48 

4.48 

0.00 

-I 0.09 

+ 0.07 

11 

4.53 

4.53 

0.00 

+,0.06 

+ 0.03 

12 

4.58 

4.58 

0.00 

+ 0.05 

+ 0.03 

13 

4.63 

4.63 

0.00 

+ 0.05 

+ 0.06 

14 

4.67 

4.60 

-0.07 

+ 0.10 

+ 0.01 

15 

4.65 

4.63 

-0.02 

+ 0.06 

+ 0.04 

16 

4.63 

4.63 

0.00 

1- 0.04 

+ 0.04 

17 

4.67 I 

4.65 

-0.02 

+ 0.07 

4 0.01 

18 

4.70 

4.70 

0.00 

1 0.09 

+ 0.09 

19 

4.68 

4.70 

+ 0.02 

+ 0.06 

4 0.06 

20 

4.80 

4.80 

0.00 

4 0.04 

4 0.04 

21 

4.80 

4.80 

0.00 

1 0.01 

+ 0.02 

22 

5.00 

4.95 

- 0.05 

+ 0.04 

+ 0.01 

23 

5.08 

5.13 

+ 0.05 

+ 0.05 

+ 0.09 

24 

5.17 

5.15 

-0.02 

+ 0.07 

+ 0.09 

Av. 

4.402 

4.390 

-0.012 

+ 0.0571 

+ 0.043t 


* The tests reported in this table were included among the data on the 36 trials 
previously reported by Lucas and Trout (22). 
t Highly significantly different from zero. 


Mojonnier method also ivere tested by the modified Babcock method. The 
nonhomogenized and homogenized milk averaged 4.402 and 4.390 per cent 
butterfat, respectively (table 2). Of the 24 samples tested, 10 tests were 
identical with those of the nonliomogenized milk; 12 were lower, ranging 
from - 0.02 to - 0.07; and 2 were higher, + 0.02 and + 0.05. The non- 
homogenized milk averaged 0.057 per cent higher by this method than by 
the Mojonnier; the homogenized averaged only 0.043 per cent higher. 
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The Gerber method. The average Gerber tests of the nonhomogenized 
and homogenized milk were practically identical, the average test on homo¬ 
genized milk being 0.003 per cent, higher (table 3). Of the 24 comparisons, 
12 were the same; 5 of the homogenized were lower, ranging from -0.02 to 
- 0.07 per cent; and 7 were higher, ranging from -i 0.02 to i 0.08 per cent. 
The average tests of both the nonhomogenized and the homogenized averaged 


taisle ;s 


Comparison, of ({erhrr and Mojonnicr teals of homogenized milk 


Series 


Gerber method 

Variations from Mojonnier 

Nonhouio- 

genized 

j Variation of 

Homogenized h( J mo K el,ized 
- from noil' 

homogenized 

Nonhomo- 

genized 

Homogenized 


% 

% 




1 

3.73 

3.73 

0.00 

i 0.08 

+ 0.06 

- 

3.78 

3.78 

0.00 

+ 0.08 

4 0.08 

3 

3.80 

3.80 

0.00 

1 0.09 

+ 0.10 

4 

3.83 

3.83 

0.00 

+ 0.11 

+ 0.10 

r> 

3.03 

3.05 

+ 0.02 

+ 0.12 

+ 0.13 

0 

3.85 

3.87 

+ 0.02 

1 0.03 

f 0.06 

7 

3.05 

3.07) 

0.00 

4 0.09 

-l 0.12 

i* 

4.00 

1.00 

0.00 

+ 0.10 

i o.n 

9 

4.03 

3.00 

-0.07 

+ 0.12 

0.05 

10 i 

4.30 ! 

1.7,2 

r 0.02 

i o.n 

, 0.11 

I* ! 

4.00 ! 

4.7,8 

- 0.02 

+ 0.13 

+ o.os 

12 ; 

4.00 ] 

4.02 

+ 0.02 

4 0.07 

■t 0.07 

13 

4.68 ! 

4.08 

0.00 

4 0.10 

4 0.11 

14 

4.72 

4.70 

u.oo 

-» 0.15 

; io.il 

17) 

4.05 , 

4.67 

4 - 0.02 

4 0.06 

+ 0.08 

10 

4.70 

4.70 

0.00 

4 0.11 

+ 0.11 

17 

4.08 

4.73 

l 0.07) 

+ 0.08 

+ 0.09 

18 

4.70 

4.68 

- 0.02 

i 0.09 

+ 0.07 

10 

4.67 

4.75 

4 0.08 

+ 0.05 1 

! 0.11 

20 

4.85 

4.83 

-0.02 

+ 0.09 

+ 0.07 

21 

4.88 

4.88 

0.00 

+ 0.09 

4 0.10 

22 

5.00 

4.08 

-0.02 

4 0.04 

1 0.04 

23 

5 JO 

5.10 

0.00 

4 0.07 

+ 0.06 

21 

5.20 | 

5.20 

0.00 

+ 0.10 

+ 0.14 

Av. 

4.434 i 

i 

4.437 

4 0.003 

+ 0.090* 

+ 0.090* 


* Highly significantly different from zero. 


0.09 per cent higher than the corresponding Mojonnicr tests. In making 
the Gerber tests of homogenized milk the following factors were striking: 
(a) the clarity of the fat column and supporting liquid, (b) the identical 
reading of the duplicate tests, (c) the consistent check with tests on the non¬ 
homogenized milk, and (d) the complete freedom of any char formation. 

The Minnesota method . While the Minnesota-Babcock test of homogen¬ 
ized milk varied from that of the nonhomogenized milk by an average of only 
+ 0.027 per cent, the range of variations between the tests extended from 
- 0.32 to + 0.40 per cent. Only 2 of the 24 tests were identical with those 
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of the nonliomogenized milk, while 12 were below, ranging from -0.02 to 
-0.30, and 10 were above, ranging from +0.07 to -i 0.40 per cent (table 4). 
Tests of both nonliomogenized and homogenized milk were consistently 
under the Mojonnier tests, the tests on the homogenized milk ranging from 
-0.04 to -0.85 and averaging -0.433 per cent. 

The Pennsylvania method. The Pennsylvania tests on homogenized milk 
consistently were under those of the nonliomogenized milk, - 0.07 to - 0.72 

TABLE 4 


Comparison of Minnesota and Mojonnier tests of homogenised mill: 



Minnesota method 

Variations from Mojonnier 

Series 



Variation of 



Nonhomo- | 
genized ! 

Homogenized 

homogenized 
from non 

Non homo¬ 
genized 

Homogenize < 


i 


homogenized 




r' 

Cf 





c 

/( 




1 

3.07 

3.37) 

4 0.28 

1 - 0.58 

- 0.32 

o 

3.08 

2.88 

- 0.20 

! — 0.(52 

-0.82 

o 

il 

3.03 

3.35 

4 0.30 

| - <1.66 

- 0.35 

4 

3.38 

3.28 

-0.10 

! - 0.34 

-0.45 

5 

3.27) 

3.23 

- 0.02 

i - 0.50 

- 0.59 

6 

3.50 

3.43 

- 0.07 

-0.32 

- 0.38 

7 

3.13 

2.98 

-0.17 

-0.71 

- 0.83 

8 

3.22 

3.20 

— 0.02 

-0.(58 

- 0.69 

9 

*3.33 

3.48 

4 0.15 

- 0.58 

- 0.43 

10 

4.0(1 

4.07 

+ 0.07 

- 0.39 

- 0.34 

11 

4.23 

3.93 

- 0.30 

- 0.24 

-0.57 

12 

4.00 

4.30 

4 0.30 

— 0.;>3 

- 0.25 

13 

4.08 

4.40 

+ 0.32 

- 0.50 

-0.17 

14 

3.97) 

3.95 

0.00 

-0.62 

-0.64 

13 

4.30 

4.55 

4 0.25 

- 0.29 

- 0.04 

10 

4.23 

4.35 

-1- 0.12 

- 0.36 

- 0.24 

17 

4.47 

4.15 

— 0.32 

-0.13 

-0.49 

18 

4.0o 

4.20 

4 0.15 

— 0.55 

- 0.41 

19 

4.20 

3.98 

-0.22 

-0.42 

-0.66 

20 

4.57 

4.45 

-0.12 

-0.19 

-0.31 

21 

4.20 

4.00 

4 0.40 

- 0.59 

-0.18 

22 

4.43 

4.35 

-0.08 

- 0.53 

-0.59 

23 

4.70 

4.70 

0.00 j 

- 0.27 

-0.28 

24 

4.77 

4.70 

- 0.07 ! 

-0.33 

- 0.36 

Av. 

3.880 

3.913 

-i 0.027 j 

- 0.458* 

- 0.433* 


* Highly significantly different from zero. 


and averaging - 0.538, and were under the Mojonnier readings in 18 of the 
24 trials, or 75 per cent (table 51. The readings ranged from -0.31 to 
- 0.50 per cent under those of the Mojonnier and from + 0.03 to + 0.16 per 
cent above, and averaged -0,29 per (sent. Nevertheless, the same tests on 
the nonhomogen ized milk consistently were above those of the Mojonnier, 
averaging + 0.255 per cent higher. 

a. The modified Pennsylvania method. Since the average Pennsylvania 
tests on the homogenized milk were lower than both the Pennsylvania test 
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and the Mojonnier test for uonhomogenized milk, attempts were made to 
improve the test for homogenized milk by increasing the specific gravity of 
the acid nsed from 1.73 to 1.81. This modification increased the reading on 
the uonhomogenized milk slightly, averaging about 0.02 per cent, and that 
of the homogenized milk about 0.53 per cent, bringing the average readings 
of the uonhomogenized and homogenized milk within 0.032 per cent of each 

TABLE 5 


Comparison of Pennsylvania and Mojonnier tests of homogenized mill' 



Pennsylvania method 

Variations from Mojonnier 

leries 

Nonhomo¬ 

genized 

Homogenized 

Variation of 
homogenized 
from non¬ 
homogenized 

Nonhomo¬ 

genized 

Homogenized 

1 

% 

3.88 

% 

3.28 

-0.60 

+ 0.23 

-0.39 

o 

3.87 

3.20 

- 0.67 

+ 0.17 

-0.50 

3 

4.05 

3.83 

-0.22 

+ 0.34 

+ 0.13 

4 

4.05 

3.88 

-0.17 

1 0.33 

+ 0.15 

r» 

4.15 

3.85 

-0.30 

i- 0.34 

+ 0.03 

6 

4.03 

3.38 

-0.63 

+ 0.21 

-0.43 

7 

4.20 

3.88 

- 0.32 

f 0.34 

+ 0.05 

8 

4.20 

4.00 

- 0.20 

+ 0.30 j 

+ 0.11 

9 

4.17 

3.55 

- 0.62 

+ 0.26 

-0.36 

10 

4.65 

3.98 

-0.67 

+ 0.26 

-0.43 

11 

4.67 

4.10 

-0.57 

| + 0.20 

-0.40 

12 

4.80 

4.08 

- 0.72 

; + 0.27 

-0.47 

13 

4.82 

4.10 

-0.72 

1 + 0.24 

-0.47 

14 

4.82 

4.20 

-0.62 

i + 0.25 

-0.39 

15 

4.82 

4.75 

- 0.07 

| + 0.23 

+ 0.16 

16 

4.85 

4.15 

- 0.70 

+ 0.26 

-0.44 

17 

4.90 

4.30 

- 0.6O 

+ 0.30 

-0.34 

18 

4.80 

4.15 

- 0.65 

, +0.19 

-0.46 

19 

4.85 

I 4.18 

-0.67 

i f 0.23 

- 0.46 

20 

5.00 

| 4.30 

-0.70 

+ 0.24 

-0.46 

21 

5.00 

1 4.43 

- 0.57 

+ 0.21 

-0.45 

22 

5.22 

! 4.50 

- 0.72 

1 + 0.26 

-0.44 

23 

5.27 

4.65 

- 0.62 

1 + 0.24 

- 0.39 

24 

5.32 

4.75 

- 0.57 

, + 0.22 

- 0.31 

Av. 

4.599 

4.061 

- 0.538 

| + 0.255* 

- 0.290* 


* Highly significantly different from zero. 


other (table 6). The tests on the homogenized milk became consistently 
higher than those-of the Mojonnier, averaging +0.238, whereas the regular 
Pennsylvania tests were under those of the Mojonnier in 75 per cent of the 
cases. The wide variation encountered between the tests of nonhomogenized 
and homogenized milk when made by the Pennsylvania method were nar¬ 
rowed appreciably when sulfuric acid of 1.81 specific gravity was used in 
the test (table 6 and fig. 1). Nevertheless, the average readings were con¬ 
siderably above those of the Mojonnier (fig. 1). 

The data for all tests are summarized in table 7 and figure 1. 
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TABLE 6 

Comparison of modified Pennsylvania and Mojonnier tests on homogenized milk 


Series 

Modified Pennsylvania method 

Variations from Mojonnier 

Nonliomo- 

genized 

Homogenized 

Variation of 
homogenized 
from non- 
homogenized 

Nonhomo- 

genized 

Homogenized 


% 

% 




1 

3.90 

3.88 

-0.02 

+ 0.25 

+ 0.21 

O 

w 

3.95 

3.90 

-0.05 

+ 0.25, 

+ 0.20 

3 

4.05 

4.00 

- 0.05 

+ 0.34 

+ 0.30 

4 

4.08 

4.08 

0.00 

+ 0.36 

+ 0.35 

5 

4.15 

4.13 

- 0.02 

+ 0.34 

+ 0.31 

6 

4.02 

4.00 

- 0.02 

+ 0.20 

+ 0.19 

7 

4.15 

4.15 

0.00 

+ 0.29 

+ 0.32 

8 

4.22 

4.20 

- 0.02 

4 0.32 

+ 0.31 

9 

4.20 

4.15 

-0.05 

+ 0.31 

+ 0.24 

10 

4.63 

4.55 

-0.08 

4 0.24 

+ 0.14 

11 

4.78 

4.68 

-0.10 

4 0.31 

+ 0.18 

12 

4.77 

4.75 

-0.02 

4 0.24 

+ 0.20 

13 

4.78 

4.80 

+ 0.02 

+ 0.20 

+ 0.23 

14 

4.85 

4.87 

+ 0.02 

+ 0.28 

+ 0.28 

15 

4.87 

4.85 

-0.02 

4 0.28 

+ 0.26 

16 

4.83 

4.83 

0.00 

4 0.24 

+ 0.24 

17 

4.90 

4.80 

-0.10 

+ 0.30 

+ 0.16 

18 

4.87 

4.82 

-0.05 

+ 0.26 

+ 0.21 

19 

4.90 

4.88 

-0.02 

4 0.28 

4 0.24 

20 

5.03 

4.93 

-0.10 

+ 0.27 

+ 0.17 

21 

5.03 

5.03 

0.00 

+ 0.24 

+ 0.25 

22 

5.23 

5.20 

- 0.03 

+ 0 27 

1 0.26 

23 

5.30 

5.23 

-0.07 

+ 0.27 

+ 0.19 

24 

5.35 

5.35 

0.00 

+ 0.25 

+ 0.29 

Av. 

4.618 

4.585 

- 0.032 

+ 0.274* 

+ 0.238* 


* Highly significantly different from zero. 


TABLE 7 

Comparison of various fat tests of nonhomogenized and homogenised milk (Av. 24 trials) 


Test 

Percentage fat in 

Variation of 
test of homo¬ 
genized milk 
from that of 
nonhomo- 
genized milk 

Variation of 
test of homo¬ 
genized milk 
from Mojonnier 
test 

Nonhomo- 
genized milk 

Homogenized 

milk 

Mojonnier 

4.344 

4.347 

+ 0.003 


Babcock* . 

4.402 

4.390 

-0.012 

+ 0.0431 

Gerber 

4.434 

4.437 

+ 0.003 

+ 0.0901 

Minnesota 

3.886 

3.913 

+ 0.027 

- 0.4331 

Pennsylvania 

4.599 

4.061 

- 0.538 

- 0.2901 

Pennsylvania t 

4.618 

4.585 

- 0.032 

+ 0.2381 


* Acid and milk at 70° F., 17.5 ml. of 1.835 sp. gr. acid added in 3 portions, shaken 
by hand after each addition and finally shaken in shaking machine for at least 2 minutes, 
t Highly significantly different from zero. 

t Specific gravity of acid adjusted to 1.81 instead of the recommended specific gravity 







FAT (PERCENT) 



MOJ. BAB. GER- MINN. PA. 


TEST 

Fia. 1. Fat percentage in milk as determined by the Mojonnier, modified Babcock, 
Gerber, Minnesota, and Pennsylvania method (average 24 trials). 

CONCLUSIONS 

Homogenization does not affect the Mojonnier fat test of milk. 

The modified Babcock method (17.5 ml. of 1.835 sp. gr. sulfuric acid 
added in three portions, 8, 5, and 4.5 ml., respectively, and shaken for at 
least 2 minutes before centrifuging) may be used with much assurance of 
accuracy in testing homogenized milk] Twenty-four tests in duplicate aver¬ 
aged within - 0.012 per cent of those of nonhomogenized milk made by the 
same method and within + 0.043 per cent of the Mojonnier average. 



158 


G. M. TROUT AND P. S. LUCAS 


Homogenization does not affect the Gerber test. The average Gerber 
tests, both of nonkomogenized and homogenized milk, were found to be 0.09 
per cent higher than those secured by the Mojoimier method. Aside from 
the necessity of introducing another test and the fact that the readings were 
approximately 0.1 per cent higher than the Mojonnier, the Gerber test was 
by all odds the most satisfactory test studied for making fat tests of homogen¬ 
ized milk. 

While the Minnesota method yielded average tests of homogenized milk 
within +0.027 per cent of those of nonhomogenized milk, the tests varied 
from those of the Mojonnier on the average by - 0.433 per cent. It would 
seem, therefore, that the test could not be recommended for testing homogen¬ 
ized milk. 

The Pennsylvania method, yielding tests on homogenized milk in these 
studies markedly lower than the Mojonnier method, cannot be recommended 
for testing homogenized milk. 

Credit is due Mr. Robert Frantz for the making of the tests and Dr. 
W. D. Baten for the testing of significance of some of the data reported 
herein. 
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A METHOD FOR MEASURING THE BODY OF CULTURED CREAM 


LUTHER D. IIILKER 

National Dairy Products Corporation Research Laboratories , Baltimore , Maryland 

The body or viscosity of cultured cream has been measured by various 
investigators. After uniform agitation of the cultured cream, Guthrie (2) 
used a MacMiehael viscosimeter to determine differences in the body of the 
product. Two methods were employed by Doan and Dahle (1), namely: 
(a) a viscosimeter of the rotating type and (h) “a special plunger test where 
the penetration of a suitable plunger falling a unit distance into the product 
was measured”. No details were given as to the plunger or method of test¬ 
ing. Joflfe (3) describes a method of testing the consistency of mayonnaise 
and salad dressing, two products which have a consistency similar to cul¬ 
tured cream. He used an instrument called a “pilimit”. This is a gradu¬ 
ated rod of aluminum, bearing a pointed and weighted head of larger 
diameter than the rod. The total weight is 14.5 g. and the over-all length 
13 cm. The plumit is held between the thumb and forefinger and dropped 
into a jar of mayonnaise from a height of 12 inches. When the plumit is 
released and drops into the sample, it should remain perpendicular, and a 
reading of the depth of penetration is taken at once. 

Body structure or the apparent viscosity of cultured cream, developed 
without the addition of stabilizing agents, may be reduced readily to a basic 
viscosity by means of gentle agitation. It seems desirable to evaluate the 
uniformity of the product as sold to the consumer by measuring the body 
of the cultured cream while in the final container and without reducing the 
apparent viscosity. An aluminum rod, drilled, tapered, and graduated, has 
been constructed for this purpose. The size of the hole (13/32" x 3 3/4") 
was selected to provide a desirable ratio of weight to volume displacement. 
The dimensions and mode of construction of this device, called a plummet, 
are given in figure 1. A release for the plummet (made from a glass tube 
and a board), a stop watch w T ith a second hand, and a ring stand and clamp 
also are needed. 

The procedure for conducting the test is as follows: ^ 

(a) Hold samples to be tested overnight at 40° F. If the retail con¬ 
tainer is less than 4 inches high and the exposed surface less than 
2 inches in diameter, suitable containers (such as an 8-oz. mayon¬ 
naise jar) should be employed and filled and handled in a manner 
identical to the commercial product. Avoid agitating the product 
prior to testing. 

(b) Firmly secure the glass tube in a vertical position with a suitable 

Received for publication November 22, 1940. 
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clamp, having the end of the tube exactly 12 inches above the center 
surface of the cultured cream. 

(c) Insert the plummet, point downward, in the glass tube and hold in 



~*l I"- ^ 

Fig. 1. Construction of plummet. 

place with the smooth surface of the small board, maintaining a 
horizontal position against the bottom of the tube. 

(d) Release the plummet by sliding the board quickly to one side. 

(e) Lift the plummet from the cultured cream 5 seconds after its 
release. 





BODY OF CULTURED CREAM 


lf>3 


(f) The cream will adhere to the plummet to a distance depending on the 
depth of penetration. Observe the cream line reading to the near¬ 
est quarter division of the scale. The cream line mark may not 
correspond to the true depth of penetration, due to the meniscus. 

(g) An average of three tests is used as the measure of the body of the 
product. Use a different container of product for each test. 

(h) The plummet should be washed and dried after each test. 


TABLE 1 

The body of cultured cream as measured by the plummet method 


Plant 

no. 


3 


4 


5 


6 


Batch 

Plummet reading 

Maximum deviation 


Container no. 1 


between individual 

no. 



— 

Av. j 

sample containers 


1 

2 | 

3 

i 


1 

‘ 7.50 

7.25 ' 

' 7.25 

i 7.33 

0.25 

*» 

7.75 

7.75 

7.75 

1 7.75 

0.00 

3 

7.25 

1 7.50 

j 7.50 

1 7.42 

0.25 

4 

8.00 

8.25 

j 8.25 

8.17 

0.25 

5 

7.75 

8.25 

! 8.00 

1 8.00 

0.50 

G 

7.30 

, 7.50 

7.50 

7.50 

0.00 

1 

i 5.75 

6.00 

6.00 

1 5.02 

i 0.25 

o 

i 7.00 

7.25 

• 7.00 

1 7.08 

I 0.25 

3 

6.25 

6.75 

! e.oo 

6.33 

0.50 

4 

7.00 

7.25 

6.50 

l 6.91 

, 0.75 

5 

7.50 

7.00 

6.50 

7.00 

1.00 

6 

7.25 

6.75 

7.00 

7.00 

0.50 

1 

5.00 

5.50 

5.25 

5.25 

0.50 

o 

5.50 

5.25 

5.75 

5.50 

0.50 

3 

G.75 

7.25 

6.50 

6.83 

0.75 

4 

4.50 

4.25 

3.75 

4.16 

0.75 

5 

4.75 I 

4.25 

4.50 

4.50 

0.50 

6 

5.00 

4.50 

4.75 

4.75 

0.50 

1 

6.50 ! 

! 6.50 

7.00 

6.66 

0.50 

2 

8.00 

| 8.50 

8.00 

8.16 

0.50 

3 

5.50 1 

1 6.25 

5.75 

5.83 

0.75 

4 

7.75 

8.00 


7.87 * 1 

0.25 

5 

<0 

< o 

<0 



6 

7.00 

4 .*>0 

7.00 

7.16 ] 

0.50 

1 

4.50 

4.25 

4.00 

4.25 

0.50 

2 

6.00 

5.75 

6.50 

6.08 

0.75 

3 

5.75 

5.50 

5.75 

5.66* 

0.25 

4 

5.00 

4.50 

4.50 

4.66 

0.50 

5 

6.00 

5.50 

5.50 

5.66 

0.50 

6 

6.00 

6.00 

5.50 

5.83 

0.50 

1 

3.25 

3.50 

3.25 

3.41 

0.25 

2 

3.75 

3.50 

3.50 

3.56 

0.25 

3 

4.00 

4.25 

3.75 

4.00 

0.50 

4 

3.50 

3.50 

3.75 

3.56 

0.25 

5 

3.50 i 

3.50 

3.50 

3.50 

0.00 

6 

3.25 j 

3.50 

3.50 ! 

3.41 

0.25 


Data presented in table 1 give the body of cultured cream as produced 
by six dairy plants located in eastern United States. Examination of these 
data indicates that the variations existing between measurements of indi- 
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vidual containers of the same lot of cultured cream are within the practical 
limits of controlled testing. A variation of ± 0.5 division is considered a 
suitable tolerance range. Daily tests on the body of cultured cream may 
be observed to indicate any variations from a predetermined standard. 

The consensus of three experienced judges in correlating the visual vis¬ 
cosity of cultured cream with the plummet reading may be found in table 2. 

TABLE 2 


Relation of plummet readings to visual viscosity of cultured cream 


Plummet reading 

Visual viscosity 

0-2 

Very thin 

2-4 

Thin 

4-6 

Medium 

6 - 7.5 

Good 

7.5- 8.5 

Slightly heavy 

8.5-10 

Heavy 

Over 10 

Very heavy 


SUMMARY 

A simple method lias been developed for measuring the body of cultured 
cream. The resistance of this product to the penetration of a plummet is 
taken as an indication of the body. 
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THE FLAVOR, VOLATILE ACIDITY, AND SOLUBLE PROTEIN 
OF CHEDDAR AND OTHER CHEESE 1 

A. 0. DAITLHERG and F. V. KOSIKOWSKY 
Department of Dairy Industry , Cornell Fait entity , Ithaca , N. Y. 

The method of manufacturing Cheddar cheese lias been known for many 
generations. About 50 years ago scientists began an intensive study of the 
factors affecting the flavor of this cheese with the idea that the source and 
identity of the flavoring substances could be established. Although much 
scientific knowledge has been accumulated from these studies, the specific 
flavoring materials are still unknown. The present trend toward the manu¬ 
facture of Cheddar cheese from pasteurized milk has accentuated the need 
for this knowledge, as pasteurized milk cheese has less flavor and slightly 
different characteristics than that found in raw milk cheese. 

The literature is voluminous and only a few references will be cited. The 
fundamental chemical changes that occur during the ripening process as 
known in 1891 were stated by Van Slyke (17). He wrote that there was a 
slow evolution of carbon dioxide from the casein or fat, or both. Volatile 
and nonvolatile fatty acids developed from the fat. The nitrogen com¬ 
pounds, especially casein, broke down into soluble compounds, some eventu¬ 
ally becoming ammonia. Cured cheese was more alkaline than fresh cheese. 
The formation of the free fatty acids was the principal chemical change 
during ripening. 

Van Slyke, Harding, and Hart (18) concluded from their study of rennet 
that this enzyme did not decompose protein into compounds that produced 
flavor in cheese. Suzuki, Hastings, and Hart (16) studied the origin and 
composition of steam distillate from cheese which contained the flavor com¬ 
pounds. They found bacteria to be the principal ripening agent. The 
lactose disappeared from cheese in 3 to 6 days but some of the lactates were 
fermented into volatile fatty acids, especially acetic and propionic. Butyric 
and caproic acids were derived from the fats and proteins. Succinic acid, 
alcohols, and esters also were present in the steam distillate. 

Improved Cheddar cheese flavor has been reported with special cultures 
in Cheddar cheese making in addition to the usual lactic starter. Hucker 
and Marquardt (7) found that a Streptococcus paraciirovorus culture used 
with Hansen’s commercial starter produced characteristic cheese flavor of 
superior quality from pasteurized milk. Proteolytic coccus cultures pro¬ 
duced bitter flavor, as did the culture of S. paraciirovorus when used with¬ 
out starter. Hansen, Bendixen, and.Theophilus (3) confirmed that cheese 

Received for publication December 4, 1946. 

i This investigation was aided by a grant from the National Cheese Institute. The 
authors are indebted to Mrs. Jean Beaver for making many of the chemical analyses. 
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made with 8 . paracitrovorns alone became bitter, and they obtained similar 
results with Streptococcus citrovonts . Hpwever, the quality of cheese made 
from raw or pasteurized milk with lactic starters was not improved by the 
addition of 8 . paracitrovorns or 8 . citrovorus . Definite improvement in the 
quantity and quality of Cheddar cheese flavor was obtained by Lane and 
Hammer (8) when cultures of selected strains of Lactobacillus casei were 
used in pasteurized milk to which commercial lactic starter had been added. 
The protein decomposition was greater and the flavor improved due to this 
bacterium. More recently, Sherwood (13, 14) isolated 720 strains of lactic 
acid bacteria from pasteurized milk Cheddar cheese in New Zealand. The 
dominant organism was Lactobacillus ( Streptobactcrium) plantarum, with 
Lactobacillus ( Streptobactcrium ) casei occurring less frequently. Betabae- 
teria and betacocci were found in small numbers. Some strains of these 
bacteria produced good Cheddar cheese flavors. Studies in the laboratory 
and in factories verified Lane and Hammer’s good results (8) with a special 
strain of L. casei, but best cheese flavor was obtained by the addition of 
10 ml. of culture of L. plantarum to 80 gallons of milk to give an inoculation 
of about 12,000 organisms per ml. of pasteurized milk. 

The role of the hydrolysis of milk fat and the development of volatile 
acids in relation to flavor has been emphasized by the studies of Lane and 
Hammer (9, 10, 11). The homogenization of milk for the manufacture of 
blue cheese improved the texture and increased volatile acidity and flavor. 
In Cheddar cheese the volatile acidity and flavor were greater for raw milk 
cheese than for pasteurized milk cheese. Homogenization of the milk or the 
addition of lipase from several sources generally produced rancid, bitter 
cheese, but these flavors tended to disappear with age. Desiccated mammary 
tissue added to cheese milk often produced desirable Cheddar flavor. Babel 
and Hammer (1) found that the lipase in mulberry juice or rennet extract 
often did improve the flavor of Cheddar cheese, but too much of the enzyme 
produced bitter flavor. Dahle and Watrous (2) based their new procedure 
for making Parmesan-type cheese on the fact that homogenization of the 
milk promoted the development of the rancid flavor and aroma desired in 
this grating cheese for flavoring spaghetti and soups. 

Cheese ripening generally is followed by increased volatile fatty acids 
and increased soluble nitrogen. Both chemical changes are used to indicate 
the degree of ripening as associated with the development of flavor, and 
increased soluble nitrogen with the development of a mellow, waxy body. 
The usual steam distillation of cheese for volatile acids does not give correct 
results, according to Hiscox, Harrison, and Wolf (4, 5, 6) who developed 
a long, accurate method for estimating these acids. The accurate, rapid 
technic of Smiley, Ivosikowsby, and Dahlberg (15) has made it possible 
easily to analyze commercial cheese for total volatile acidity and to compare 
such values with flavor scores and intensities. 
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This study was undertaken to show the relationship of total volatile 
acidity to flavor, and consideration also was given to several other chemical 
determinations, including soluble nitrogen. 

METHODS 

Five cheese manufacturers or processors in New York and Wisconsin 
were requested to select three Cheddar cheeses that represented mild, medium, 
and sharp flavors of excellent quality. Each sample was to be selected as 
being a typical good Cheddar cheese. The cheese selectors were cautioned 
to avoid choosing the cheese on 1 lie basis of age and to depend solely upon 
examination of the cheese. In one case the three cheeses received from one 
manufacturer were made at one plant. 

As the 15 samples were received, they were classified as mild, medium, 
or sharp in flavor. After all had been received, they were arranged in order 
of the intensity of the Cheddar flavor by the authors working independently 
and then together. The samples were analyzed for volatile acidity, soluble 
protein, pH, moisture, and salt. 

Samples of cheese of several varieties other than Cheddar were purchased 
at a retail grocery store. These samples were classified as fo flavor intensity 
and analyzed chemically. They were rated on the basis of intensity of flavor 
within their respective varieties and also without regard to variety. 

Finally, a manufacturer of Camembert cheese wjis asked to select several 
samples that were approximately the same age and had been treated simi¬ 
larly but which showed differences in the degree of ripeness and intensity 
of flavor. The four samples were scored and classified by the manufacturer 
and his comments were confirmed by the authors. 

The total volatile acidity was determined by the method of Smiley, Kosi- 
kowsky, and Dahlberg (15), and the pH by the Beckman pH meter, using 
glass electrodes. 

The solution of the soluble protein followed a technic based upon the 
method of Sharp (12). The principle of the method is to maintain the pH 
(approximately 5) and the salt content comparable to that of Cheddar cheese 
by a buffer salt solution while the soluble protein is being dissolved in the 
water. The soluble protein was extracted as follows: Three grams of cheese 
are weighed within 0.01 g. error and placed in a porcelain mortar. A small 
amount of extracting solution at 50° C. is added and the cheese is ground 
to a thick paste. Additional solution is added to dilute the paste. The 
dilute suspension of cheese is transferred to a 100-inl. flask. The mortar is 
rinsed with additional portions of the solution. The flask is placed in a 
water bath at 50° C., filled to the mark with extracting solution, and, with 
occasional shaking, maintained at this temperature for one hour. The solu¬ 
tion is filtered through a fluted filter, and 50 ml. of the filtrate is placed in a 
Kjeldahl flask. 
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The soluble protein extraction solution is prepared as follows: 

A. Stock solution 

57.5 ml. glacial acetic acid 
136.1 g. sodium acetate (3 H 2 0) 

47.0 g. sodium chloride 
8.9 g. calcium chloride (anhydrous) 

Add water to make 1 liter. 

B. Extraction solution 

Make 250 ml. stock solution up to 1 liter with water. 
results 

Selected Cheddar Cheese 

The data on Cheddar cheese, presented in table 1, do not show any 
striking relationships of intensity of cheese flavor with any of the factors 
studied. In a general way it may be stated that the comments of the manu¬ 
facturers of the cheese agreed well with those of the authors as to the inten¬ 

sity of the cheese flavor. The scores of the cheese showed that all samples 
were good Cheddar cheese but the scores were not related to intensity of 
flavor. 

It was true that the two oldest samples of cheese (El and A2 which were 
13 and 14 months of age) were the highest in flavor intensity. However, 
age of cheese cannot be segregated from temperature of storage, for curing 
cheese is a time-temperature problem and this temperature was not reported. 
This probably explains the reason that the cheese (B3 and B4) ^hich rated 
third and fourth in strength of flavor were among the youngest, 2 and 3 
months old, for the buyer of this cheese often force-cures it at about 60° F., 
as compared with the usual storage temperature of 32 to 35° F. For this 
reason and others, flavor intensity and age of cheese were not associated 
closely enough to be able to state that a given cheese was strong in flavor 
because it was old (10 to 12 months) or that another was mild in flavor 
because it was young (2 to 4 months). 

The principal object of this study was to establish the relationship 
between the intensity of Cheddar cheese flavor and total volatile acidity. 
There were two samples with volatile acidities below 20 ml. N/10 acid per 
100 g. of cheese. These samples were 13 and 7 months old and were first 
and fourteenth in flavor intensity. There were three samples with volatile 
acidities over 40. These samples were 14, 2, and 2 months old and were 
second, seventh, and eleventh in intensity of flavor. With the two cheeses 
of lowest volatile acidity representing the most and next to the least flavor 
intensity, and the cheeses of highest volatile acidity also scattered as to flavor 
intensity, it is evident that a sample of Cheddar cheese could not be classed 
as to flavor intensity on the basis of total volatile acidity. There appears 



TABLE 1 

The relationship of flavor intensity f volatile acidity^ soluble protein , and other constants in commercial 

Cheddar cheese of good flavor 
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to be almost no general trend in the relationship between volatile acidity and 
flavor intensity. 

The data on the relationship between soluble protein and flavor intensity 
did not happen to be so strikingly negative as was the ease for total volatile 
acidity. Samples El and A2, with the greatest amount of soluble protein, 
8.40 and 8.88 per cent, respectively, were oldest and ranked first and second 
in intensity of Cheddar cheese flavor. However, the relationship between 
the two factors appeared to end with these two samples. Samples with less 
than 5 per cent soluble protein were seventh, eleventh, and thirteenth in 



PERCENTAGE OF SOLUBLE PROTEIN 

Fin. I. Relation of percentage of soluble protein to age of Cheddar cheese. 

flavor. Samples with 5 to 6 per cent soluble protein were third, fourth, 
tenth, and fifteenth in flavor intensity. There was no obvious*trend in the 
relationship between these two factors. 

The percentage of soluble protein increased with increased age of the 
cheese (fig. 1). This trend had some exceptions but it was reasonably good 
considering the varied character of the cheese. A similar relationship did 
not exist between total volatile acidity and age of the cheese. 

There is nothing in the data to suggest any correlation of flavor intensity 
with the pH, moisture, and salt content of the cheese. 

Miscellaneous Cheese Varieties 

The miscellaneous varieties of cheese purchased at a grocery store gave 
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TABLE 2 


The relationship of volatile acidity, pH, and the quality and intensity 
of flavor of various types of cheese 


Cheese variety 

Chech 

Bela tive 
intensity 
of fla\or 
of all 
eheese 

o characteristics 

Flavor in each indi¬ 
vidual cheese class 

V olatile 
acidity* 

P n 

Intensity 
of flavor 

Quality 

remarks 

Camembert 

1 

Strong 

Overripe 

! 29.9 

7.43 

Blue 

o 

Medium 

Good 

40.4 

6.00 

Kuukauna Klub Cheese Food 

3 

Medium 

(food 

30.8 

5.36 

Liederkranz 

4 

Strong 

(food 

* 102.8 

7.27 

D’Oka (Trappist) 

5 

Strong 

fair 

49.2 

5.90 

Chantelle 

6 

Medium 

Fair 

31.4 

5.23 

Sw iss 

7 

Mild 

Good 

49.5 

5.57 


* All. X/10 acid per 300 g. cheese. 


very interesting data (table 2). A high-flavored. overripe, soft. Camembert 
cheese with an ammonia odor was rated as having the strongest flavor. It 
was alkaline in pH. A green, mild hut good-flavored Swiss eheese was rated 
lowest in flavor; yet the total volatile aridity of' the Swiss was greater than 
that of the Camembert. A blue eheese of medium-strength flavor of good 
quality was rated second in flavor intensity and its volatile acidity was the 
same as that of the Camembert. A strong-flavored Liederkranz cheese that 
was slightly alkaline contained more than twice as much volatile acidity as 
any other cheese; yet it was not the strongest-flavored eheese. Its flavor was 
very much the same as the D'Oka eheese with only half the volatile acidity. 

It is appreciated that this attempt to rate cheese of different varieties on 
intensity of flavor is subject to criticism. The flavors are so different that 
intensities cannot be compared closely. After making allowances for such 
discrepancies, there can be no doubt concerning the lack of relationship 
between total volatile acidity and intensity of flavor. 


TABLE 3 

Analysis of four domestic Camembert cheeses from different lots 
made in the same plant 


Cheese 

Age 

Manufacturer*s grade 

Volatile 

Soluble 

pH 

Mo is 

Score 

Comments 

acidity v 

protein 

tun* 

1 

(days) 

48 

. 

20.0 

Mild flavor 

Slight flat 

Poor breakdown 

20.4 

i 

(%^ 

5.84 

i 

6.63 

&?} 

2 

45 

21.0 

Mild flavor i 

Fair breakdown 

i 16.1 

li.OO 

6.78 

53.56 

3 

48 

21.5 

Fair flavor i 

Fair breakdown 

18.6 

1 

<5.53 

! 

7.01 

51.00 

4 

47 

| 22.0 

Good cheese 

21.4 I 

I 6 - 41 

6.95 

51.93 


* Ml. N/10 acid per 100 g. cheese. 
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Selected Camcmbert Cheese 

The ripening of Cameinbert cheese is sometimes subject to unexpected 
flavor variations which might be associated with total volatile acidity and 
soluble protein. It is recognized that the softening of the cheese is depend¬ 
ent upon protein solubility. A manufacturer of Cameinbert selected four 
cheeses of approximately the same age but with marked variation in the 
amount of good Cameinbert flavor (table J{). The manufacturer’s score and 
comments on the cheese were used for comparisons with analysis. 

The total volatile acidities of the cheese with the least flavor and with the 
most flavor were practically identical. The percentage of soluble protein 
and the pH value increased as the flavor increased in intensity and the 
cheese became softer in body. It is possbile that the relationship between 
intensity of flavor and changes in soluble nitrogen and pH were incidental 
to the obvious change in the body of the cheese, which must be related to 
these changes. 

discussion 

% 

The tendency toward the manufacture of cheese from pasteurized milk 
has emphasized the Jack of knowledge of those chemical entities which are 
responsible for the characteristic flavor of cheese. The literature of the last 
century gave the two major chemical changes that occur during ripening, 
namely, the increase in total volatile and nonvolatile acidity, and the in¬ 
crease in soluble protein. The emphasis was given to volatile acidity more 
than to the decomposition products of protein. Many investigators have 
endeavored to increase cheese flavor by the bacteria and enzymes which 
affect the fat and the casein. 

This research has established that the magnitude of these chemical 
changes is not related to the intensity of the flavor of Cheddar cheese. The 
increase in total volatile acidity and soluble nitrogen during ripening is 
interesting ami valuable information to obtain on cheese ripening, but flavor 
development is not related to these characteristics. This means that much 
of the research on the development of cheese flavor has been based upon a 
fundamental misconception. It may be that the cheese flavor is a result of 
the decomposition of milk fat or protein, but, if such is the case, the flavor 
compounds are developed without regard to the total changes in these two 
materials. In other words, if the flavor compounds of Cheddar cheese are 
volatile fatty acids, then the quantity of the flavor-producing acids is not 
related to total volatile acidity. It has been assumed fallaciously that these 
two were synonymous, as the volatile acids contain most of the cheese flavor. 

Cheese flavoring compounds are developed during ripening incidental 
to the common chemical changes with which investigators often are con¬ 
cerned. This means there is need for a widening of the concept behind the 
studies of cheese flavor. More rapid progress may be made by new inanu- 
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factoring technics or by identification of the flavor compounds. There is 
real hope for producing higher flavors in pasteurized milk cheese. For 
example, sample A2 was a pasteurized milk Cheddar cheese that possessed 
second highest flavor and the highest volatile acidity and soluble protein. 
This cheese may have been an exception for the plant that made it, but the 
fact is that it was produced. 

As cheese ripens there is an increase in flavor, volatile acidity, and soluble 
protein. The lack of any correlation among these progressive changes in 
Cheddar cheese, except for a general relationship between age and soluble 
protein, does not disprove their occurrence. Instead, it emphasizes that 
there are a number of factors which affect each of these changes in varying 
degrees and partially obscure the effect of age alone. The direct relation¬ 
ship between age and soluble protein might be explained as being due chiefly 
to the action of rennet as affected by time, with other factors being less im¬ 
portant in their total effects. The effect of microorganisms on the develop¬ 
ment of flavor is of major importance and is influenced greatly by a number 
of factors other than variations in time. 

CONCLUSIONS 

Cheese manufacturers and processors in Now York and Wisconsin 
selected 15 Cheddar cheeses with typical good flavors that were mild, 
medium, and sharp in intensity. The cheese varied from 2 to 14 months 
of age. There were no relationships among intensity of flavor, total volatile 
acidity, soluble protein content, pH, and age of the cheese, except for a 
direct relationship between age and soluble protein. The flavor compounds 
were distilled with the volatile acids but apparently were not directly corre¬ 
lated as to total amounts 

No relationship was found between intensity of flavor and total volatile 
acidity in seven different varieties of cheese secured at a retail store. 

Four samples of Camembert cheese made in one factory were selected 
to show difference in flavor and texture. There was no relationship between 
intensity of flavor and total volatile acidity but there was a direct relation¬ 
ship between flavor intensity of this cheese and its soluble protein and pH 
values. 
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THE VALUE OP SUPPLEMENTARY VITAMIN FEEDING IN THE 
REARING OF DAIRY CALVES 


\V. B. NEVKNS and K. A. KENDALL 
Illinois Agricultural Kcpcrimcnt SI at ion, Vrbana, Illinois 

Widespread interest in the vitamin needs of dairy calves was aroused 
through several reports (5, 6, 9, 10) that supplementary vitamin feeding 
during the first few weeks of life prevented so-called “nutritional scours”, 
lessened navel infection, and reduced the death rate. The studies pointed 
to vitamins A and C and nicotinic acid as essential components of the ration 
of the young calf. The reported beneficial effects of vitamin supplementa¬ 
tion were so striking that it was considered desirable to test the value of such 
a procedure in a dairy herd in which good feeding practices are followed 
throughout the year. On the basis of a number of published studies show¬ 
ing a relation between the character of the ration and the vitamin content 
of colostrum milk, it was assumed that the mother’s ration during the gesta¬ 
tion period also may affect the store of vitamins in the body of the calf at 
birth. Recent reports (3, 11, 14) tend to substantiate the validity of such 
an assumption. 

A further assumption based on numerous calf-raising trials is that the 
most critical period in the life of the hand-fed dairy calf is within the first 
30 days after birth. An early investigation in the feeding of daily calves 
conducted at this Station (1) indicated that the character of the ration dur¬ 
ing the first 3 weeks is of prime importance. The data reported in this 
paper, therefore, cover only records up to 30 days of age. Histories of 299 
calves, approximately one half of them males, are summarized. 

PROCEDURE 

The study was carried out with calves born in the Station dairy herd. 
The cows in this herd were fed hay, silage, and grain mixture throughout the 
year, with limited access to pasture during the growing season. The quality 
of all feeds, as a rule, was much above average. Alfalfa hay was the chief 
dry roughage, with smaller amounts of red clover lmy and Korean lespedeza 
hay. The calves usually were left with their mothers for 2 days after birth, 
but some weak calves were left as long as 4 days. After separation from 
their dams they were kept in special quarters at two different locations. 
Feeding of whole milk (Holstein) was continued throughout the 30-day 
period of observation covered by these records. The calves were given free 
access to adequate amounts of red clover hay and a grain mixture. Live- 
weights were taken as early as possible after birth. However, some calves 
were born when no attendant was present, and probably a part of these had 
opportunity to nurse before they were weighed. These weights, therefore, 
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are termed first-day weights, rather than birth weights. Liveweights also 
were taken at 15 days and at 30 days of age. 

The vitamin supplements were supplied in two forms. Nopco special A 
and D feeding oil with a potency of 2,000 units of A and 800 units of D per 
gram was supplied at the rate of approximately 2 ml. per head daily to all 
calves at one barn for the first half of the experimental period and none was 
given during the second half of the period. At the other barn the practice 
was reversed. Approximately equal numbers of calves were included in the 
groups fed oil and no oil. The other form of supplement consisted of vita¬ 
min capsules, the formulae for which were as follows: 


Black White 

capsule capsule 

Vitamin A, U.S.P. units . 5,000 5,000 

Vitamin D (Irradiated ergosterol), U.S.P. units . 500 500 

Nicotinic acid, mg. 50 50 

Vitamin O (Ascorbic acid), mg. 250 


Random selection of the calves to be fed the vitamin capsules was 
achieved by following the rule that the first calf born was to be fed vitamin 
capsules, the next one to be given no vitamin capsules, and so on. Thus 
one half of the calves were fed vitamin capsules and the remainder served 
as controls. One capsule containing vitamins A and D, nicotinic acid, and 
ascorbic acid was given daily per calf from 1 to 10 days of age and one 
capsule containing only vitamins A, D, and nicotinic acid was administered 
daily from 11 to 30 days of age. 

Pour experimental groups were established. Group I received no vita¬ 
min supplement, group II received the vitamin capsules, group III received 
the vitamin A and D oil supplement and group IV received both the vita¬ 
min capsules and the oil supplement. 

An individual record sheet for each calf was posted on a bulletin board 
and records kept of the vitamins and milk fed, liveweights, condition of 
the calf, and, in the event that scours occurred, the treatment given and the 
duration of the ailment. The trials reported in this paper began early in 
1944 and extended through September, 1946. 

RESULTS 

A summary of the records of all calves which survived the 30-day ob¬ 
servation period is given in table 1. Characteristic breed differences were 
noted in the first-day weights of the calves. The average weights were: 
Ayrshires, 76 lbs.; Brown Swiss, 98 lbs.; Guernseys, 66 lbs.; Holsteins, 96 
lbs.; and Jerseys, 50 lbs. The average gains in liveweight were somewhat 
greater for the Brown Swiss and Holsteins than for the other breeds. All 
of the average gains, however, were satisfactory for the breeds represented 
with the exception of those for the Guernseys in group II. This group 
included three calves which made very small gains. The average 30-day 
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gain i'or the 11 other Guernseys in this group was 16 lbs., a satisfactory 
figure. The gains for the calves in groups III and IV were larger than those 
for groups I and II, but the amounts of milk fed to groups III and IV also 
were larger. 

The four groups of calves were similar with respect to the number of 
cases of scours, age at which the attacks of scours occurred, and the duration 
of the ailment. 

A summary of the records of calves which survived the 2-dav nursing 
period and were started on hand feeding but which failed to complete the 
30-clay experimental period is given in table 2. Records of calves born dead 


TABLE 2 

History and appart nt cause of death of calves which failed to survive the dO-day 

observation period 


Nu. ut* calves . 

A\cnigo age at death, clays 
Death attributed to: 

Accidents . 

Indigestion and scours 
Pneumonia 

Scours and pneumonia 
Too weak to stand or nurse 
Wry weak at birth 
Weak at birth; died from 
Moat 


* Mother had mastitis, 
t Mother had preparturient mastitis. 


Group and kind of vitamin supplei 


TT 

Ill 

X 

None 

Vitumin 

A and I> 

capsules 

feeding oil 

8 

t» 

ti 

1U 

9 

14 


1 


1 

1* 

1 

1 


o 

a 

1 


i 

1 

1 

a 

- 

It 



1 


IV 

Capsules and 
A and D 
feeding oil 


12 


and of those that died within 48 hours are not included. Death was at¬ 
tributed to a number of causes, among which pneumonia alone and also 
scours accompanied by or followed by pneumonia were important. There 
was little difference between the groups, however, in the number of calves 
affected. Only two of the calves in group I died at less than 12 days of age. 
One calf in group I and one calf in group IV died of pneumonia on the 30th 
day. It was noted that in a considerable number of cases scours did not 
occur until the calves had reached an age of 2 to 3 weeks. 


DISCUSSION 

Considerable variability in liveweiglit gains occurred among the calves 
of the four groups. The gains to 15 days of age showed greater variability 
than the gains to 30 days. This was an expected difference because more 
cases of scours occurred prior to 15 days of age than between 15 and 30 days 
and, also, some calves which were weak at birth and made a slow start made 
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good gains after 15 days. The variability of the gains to 30 days of age was, 
surprisingly, somewhat less than that found at this Station for pasture-fed 
yearling dairy heifers (7). 

The use of vitamin supplements was not effective in reducing the number 
of cases of scours, the duration of the ailment, and the mortality rate below 
those of the controls (group 1). It appeared that weakness at birth and 
inability to stand or nurse, the presence of infectious mastitis in the udder 
of the mother, accidents, and exposure to cold followed by pneumonia were 
important contributing causes of illness and death. 

The use of capsules containing vitamins A and D, together with nicotinic 
acid and ascorbic acid, was no more effectual in promoting gains in weight 
or in reducing scours than the use of the special feeding oil containing only 
vitamins A and I), as judged by the records of calves included in groups II, 
III, and IV. It is concluded, therefore, that the supplementation of the 
whole milk ration with ascorbic acid and nicotinic acid was ineffectual in 
promoting the well-being of the calves in this herd. This finding is in agree¬ 
ment with recent investigations at this Station (4, 12) which showed that 
ascorbic acid and nicotinic acid are not required by the dairy calf. On the 
other hand, the same technics used in these investigations disclosed the fact 
that riboflavin is required by dairy calves (13). These several experiments 
lend no support, to the inference given in a recent report (2) that the sup¬ 
plementary effect of nicotinic acid is dependent upon the level of vitamin 
A intake. 

Our investigations lead us to the conviction that a measure of the prog¬ 
ress of the call' during the first 30 days after birth is a better index of 
nutritional status in early life than is any other period. The character of 
the ration after 30 days of age may be much more varied than prior to that 
time. The consumption of higli-quality hay and special grain mixture, both 
of xvhieh may be good sources of vitamins and other nuti’ients, tends to cor¬ 
rect nutritional deficiencies incurred duriug the first few weeks of life. In 
a recent report of controlled experiments with young calves (8), it is shown 
that 35 of 57 calves developed case's of scours, but only one of the cases that 
occurred after 4 weeks of age affected a calf not previously afflicted with 
the ailment.. 

Our results do not preclude the possibility that nutritional deficiencies 
may have been responsible for the onset of scours and other ailments in the 
case of some calves, particularly those which were too weak at birth to nurse 
and those which were not strong enough to obtain adequate amounts of 
colostrum milk. Further, flic desirability of vitamin A and D supplementa¬ 
tion in the rations of calves born in herds where the rations are low in 
vitamin value is not disproved. It is assumed on the basis of recent reports 
(3, 11, 14) that one of the important reasons that vitamin supplementation 
was of questionable value in our trials was that the cows in the herd were 
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at all times well fed and that such feeding provided vitamin reserves in the 
new-born calf. 

SUMMARY ** 

Individual records were kept of 299 calves of the Station dairy herd. 
These were divided at random into four groups to determine the value of 
vitamin supplementation of the ration during the first 30 days, the critical 
period in the life of the calf. 

The vitamin supplements were of two kinds. One consisted of vitamin 
capsules containing vitamins A and D, together with ascorbic acid and nico¬ 
tinic acid. Ascorbic acid was omitted after 10 days of age. The other was 
a special feeding oil containing vitamins A and D. 

The criteria used in evaluating the results were gains in liveweight to 
15 days and to 30 days of age, number of eases of scours, age at which scours 
occurred, duration of scours, number of deaths, and cause of death in those 
which failed to survive the 30-day period of observation. 

The use of vitamin capsules containing ascorbic acid and nicotinic acid 
in addition to vitamins A and D was not found superior to supplementation 
with only vitamins A and D, and vitamin supplementation on the whole was 
of doubtful value, as shown by the bases of measurement used. 
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THE EFFECT OF CONTINUOUS INTRAVENOUS FEEDING OF 
VARIOUS SUBSTANCES UPON THE SECRETION 
OF MILK FAT 1 - 2 

A. I. MANN and J. C. SHAW 

Department of Dairy Industry, University of Connecticut emit Stores Agricultural 

Experiment Station , Storrs, Connecticut; and Department of Dairy Husbandry, ' 
Maryland Agricultural Experiment Station , College Parle, Maryland 

Kaufmaim and Slmw (7) showed that carbohydrate when fed as the sole 
diet provides the precursors of the lower fatty acids of milk fat. As marked 
hypoglycemia does not in itself produce a decrease in the lower fatty acids 
(16), it was suggested that dietary carbohydrate acts indirectly either by 
exerting a sparing action on the utilization of the precursor substances by 
other body tissues or by being converted into the necessary precursors in the 
rumen by the action of microorganisms. 

It appeared that the best test of the alternative hypotheses would be that 
of the intravenous and abomasal feeding of glucose to fasted cows and goats. 
Accordingly, methods were devised for the continuous intravenous and 
abomasal feeding of ruminants. Using these methods, a study was made 
of the effect of the administration of glucose and other substances upon the 
secretion of the lower fatty acids of milk fat. 

METHODS 

The approach to the problem of ascertaining the blood precursors of the 
lower fatty acids was similar to that employed in earlier studies (7) in which 
advantage was taken of the well-known fact that inanition decreases the 
lower fatty acid content of milk fat. As a marked decrease in the lower 
acids always occurs within a period of 24 hours of fasting, it was assumed 
that if the proper precursor or precursors were fed either intravenously 
or abomasally to a fasted lactating ruminant, the usual decrease in these 
lower acids would be retarded or prevented. Several substances were ad¬ 
ministered in this fashion and the effect upon the lower fatty acids of milk 
fat noted, as shown by the Reichert-Meissl value and, in some cases, the 
Polenske value. Iodine numbers also were obtained on the milk fat. 

In order to maintain a relatively high level of the various substances in 
the blood and thus insure that these substances would be available in above- 
normal quantities for the possible synthesis of milk fat, it was deemed 

Received for publication December 24,1946. 
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advisable to administer such substances continuously for a period of 24 or 
more hours. The technic used for intravenous alimentation proved so satis¬ 
factory that it is described in some detail. 

The technic consists of fixing a no. 8 or no. 10 rubber catheter in the 
subcutaneous abdominal mammary vein and connecting this catheter to a 
drip bottle by means of a gum rubber tube. It appeared advisable to 
anesthetize the cow. Accordingly, from 11 to 5 g. of nembutal were injected 
into the jugular vein at a rapid rate. The animal may be thrown or allowed 



Fig. 1. The rubber catheter lbced in the vein for continuous intravenous feeding. 


to fall in a well-bedded stall. It is sometimes necessary to inject an addi¬ 
tional gram or so after the cow is in a prone position, particularly if the cow 
is allowed to become excited. In most cases the operation can be completed 
without necessitating more than one additional injection. 

A small area of the skin, which has been clipped previously, is shaved 
and an incision approximately 3 cm. in length is made in the skin over one 
of the subcutaneous abdominal mammary veins. The muscles covering the 
vein are dissected carefully until a small area of the vein is exposed and a 
portion is picked up by means of a liemostat. A transverse incision is made 
in the vein close to the hemostat by means of a small scissors, and approxi- 
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mately two-thirds of the length of the catheter is inserted into the vein. If 
the opening in the vein is sufficiently small so that the catheter fits snugly, 
hematoma will be held to a minimum. Prior to beginning the operation, the 
clamp on the tube leading from the drip bottle is loosened so that fluid is 
dripping slowly from the end of the catheter when it is inserted. Three to 
four sutures are sufficient to- close the incision. The first suture is made 
close to the catheter, knotted and then tied around the catheter to hold it in 
place. The catheter is shown in place in figure 1. 

The tube leading to the drip bottle is attached to the skin by means of 



Fig. 2. The arrangement by which continuous intravenous feeding was effected 
without discomfort to the animal. 


sutures, one in the region of the flank and the other over the last rib, ap¬ 
proximately half the distance to the backbone. After the cow regains her 
feet, a wide cloth surcingle is tied around the midsection in order to cover 
the catheter and the tube leading to the drip bottle. The rubber tube is tied 
firmly to the sureingle in the region of the loin so that all pull on the tube 
will be on the surcingle and not on the catheter. From the surcingle the 
tube passes through a fixed pulley 18 to 24 inches above the backbone of 
the animal. A sliding weight is placed on the tube between the pulley and 
the drip bottle "with sufficient slack so that the animal can move about and 
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lie down and get up at will. The details of this arrangement are shown in 
figure 2. 

In the initial studies, goats were fed abomasally by means of a Pezzar 
catheter fixed in the abomasum and attached to a drip bottle in the manner 
described above. The abdominal cavity was opened along the ventral mid¬ 
line just posterior to the sternum and the catheter fixed in the abomasum by 
means of a purse-string suture. The catheter was brought to the exterior 
through an opening made between two ribs approximately halfway between 
the midventral line and the dorsal midline, after which the incision along 
the ventral midline was closed. 

The iodine numbers (Hanus) and the Reiehert-Meissl and Polenske 
values were determined on milk fat according to the methods outlined in 
the Official and Tentative Methods of Analysis (1). 

RESULTS 

Two goats in milk were fed abomasally. One received glucose and the 
other triaeetin. Nine cows were fed by the intravenous route. The sub¬ 
stances administered included glucose, “Peptiease” 3 (a protein hydroly¬ 
sate), sodium oleate, sodium acetate, and sodium butyrate. The animals 
usually received grain but. no roughage in the last feeding prior to the 
beginning of the period of intravenous or abomasal feeding. 

Pat constants were determined on the purified fat prepared from milk 
obtained at the beginning and at the usual milking intervals during the 
experimental periods. 

Glucose. Glucose was fed abomasally to a fasted goat and intravenously 
to 4 wo fasted cows, one of which received a protein hydrolysate in addition 
to the glucose. That the blood glucose level was maintained above normal is 
evidenced by the fact that in each of the three cases the glucose intake was 
maintained just slightly below that which produced a mild glucose shock. 
It is apparent, therefore, that no blood glucose deficiency existed during the 
fasting periods. In experiment 2 a total of 1985 g. of glucose was injected 
in 31 hours. It will be noted from the data on experiments 1, 2, and 3 in 
table 1 that neither the decrease in the Reiehert-Mcissl values nor the in¬ 
crease in the iodine values w r as prevented by the administration of glucose. 

Protein hydrolysate. Peptiease was administered to one cow r by the 
intravenous route to test the possibility of certain amino acids being involved 
in the synthesis of the lower fatty acids of milk fat. As blood glucose does 
not appear to be one of the precursor substances, glucose w T as administered 
with the protein hydrolysate with the object of providing additional energy 
so that the protein hydrolysate w r ould not be utilized too rapidly for energy 
purposes. During an injection period of 31 hours, a total of 464 g. of Pepti- 
case and 1392 g. of glucose was administered. The Reichert-Meissl value 

3 Supplied through the courtesy of Sheffield Farms Company. 



TABLE J 

The effect of intravenous and/or ahomasal feeding of glucose , sodium oleate , and a protein hydrolysate to fasted ruminants upon the 

character of the fatty acids of milk fat 
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decreased, gradually from 24.83 to 14.99. The iodine value increased from 
22.08 to 27.37. These values are fairly representative of changes which 
would be expected from inanition alone. 

Oleic acid. After fasting a cow for 17 hours, 150 g. of sodium oleate in 
a 5.5 per cent solution were injected by the intravenous route within the 
following 16 hours. The experiment was terminated when excessive hemo¬ 
globinuria was observed. The data presented in table 1, experiment 7, do 
not indicate that oleic acid had any influence in arresting the changes in the 
milk fat constants which are typical of fasting. 

Acetic acid ,. Four experiments were conducted to study the possible role 
of acetic acid in the synthesis of the lower fatty acids of milk fat. In one 
experiment acetic acid was administered abomasally to a milking goat as 
triacetin. Three cows received sodium acetate intravenously, one receiving 
sodium butyrate with the acetate. It is evident from the experiments in 
which acetate was administered alone (experiments 4, 5, and 6, table 2) that 
the intravenous injection of acetate did not prevent the changes in the milk 
fat which are typical of fasting. 

The amounts of acetate administered are believed to be considerably in 
excess of that which is normally absorbed into the circulatory system after 
being produced in the rumen. In experiment 6, a total of 1984 g. of acetate 
was injected within 22 hours. This experiment was terminated when the 
cow suffered a temporary collapse resembling tetany. The collapse appar¬ 
ently was due to an alkalosis caused by the metabolizing of the acetic acid, 
thus freeing an excess of sodium ions in the blood. 

Butyric avid. Four cows received sodium butyrate intravenously. Two 
of the cows received butyrate alone during a period of complete fasting, one 
received a combination of butyrate and acetate while being fasted, and one 
received butyrate while on full feed. These animals (nos. 9, 10, 11, and 12, 
table 3) had been receiving a ration of mixed hay, corn silage, and a 16 pfer 
cent concentrate prior to being placed on experiment. To avoid any possible 
effects of inanition, all four were fed in excess of requirements for a week 
prior to the experiment. One of the four, no. 12, was fasted without receiv¬ 
ing injections of any kind in order to serve as a control for the other three. 
The fifth cow, no. 8, had been on a regime completely different from the 
others. 

In the first test of butyrate, the results were startling. Cow no. 8 re¬ 
ceived a total of 1057 g. of sodium butyrate during a period of 29 hours. 
Not only w T as the Reichert-Meissl value of the milk fat maintained, but the 
Polenske value, representing primarily the octanoic and decanoic acids, actu¬ 
ally increased from a normal of 2.40 and 2.36 to 2.89 and 2.75. These fat 
samples were cheeked repeatedly, without any substantial change in the 
original values. It will be noted, however, that the iodine values increased 
by about the same magnitude as that of the milk fat of the control cow. 



TABLE 2 

The effect of intravenous and/or abomasal feeding of triacetin and sodium acetate to fasted ruminants upon the character of 

the fatty acids of milk fat 
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When the experiment was repeated on cow no. 9, the results on the Reichert- 
Meissl and Polenske values were not duplicated. Instead; the Reichert-Meissl 
and Polenske values decreased. Similar results were obtained on cow no. 10, 
which received 975 g. of butyrate and 1092 g. of acetate over a period of 
22 hours. Cow no. 13 received a total of 786 g. of butyrate over a period of 
34 hours, during which time the animal was on full feed. The butyric acid 
did not alter the fat constants from the normal values. 

Cow no. 12, which had been on a regime identical to that of cows 9 and 10, 
was fasted completely for 35 hours. The decrease in the Reichert-Meissl 
value was similar to that observed in cows 9 and 10. The Polenske value 
showed a more marked change, however, decreasing from 2.82 to 0.92, 
whereas the fasted cows receiving butyrate decreased from 3.35 to 2.17 in 
one case and from 2.81 to 2.14 in the other. 

discussion 

With neither blood lactic acid nor blood pyruvic acid being utilized in 
measurable quantities by the active mammary gland of the normal cow 
(8, 12), the only possible blood carbohydrate which could supply sufficient 
carbon to account for the lower fatty acids of milk fat is that of blood glu¬ 
cose. The experiments described herein show that when a continuous flow 
of glucose is administered intravenously at the highest possible rate tolerated 
by the cow for a period in excess of 2 days, the decrease in the lower fatty 
acids of the milk fat caused by inanition is not prevented. It must be con¬ 
cluded that blood carbohydrate prr .sv is not the precursor of the lower fatty 
acids of milk fat. 

It appears clear that carbohydrate administered orally is not a direct 
precursor of the lower acids (7), but probably exerts a sparing effect or is 
converted into the necessary precursors in the alimentary tract. 

It is known that the active ammmary gland produces urea (4) and con¬ 
tains arginase (14) which may be used by the gland for the deamination of 
amino acids. The quantities of amino acids taken up by the gland are suffi¬ 
cient to account for the carbon in the lower fatty acids. This appeared to 
be a possibility when it was shown that the active gland of the fasted rumi¬ 
nant did not take up the free amino acids from the blood (10, 16). How¬ 
ever, the failure of an intravenous administration of a protein hydrolysate 
to prevent the decrease in the lower fatty acids of the milk of the fasted eow 
appears to rule out this possibility. 

Sodium oleate was fed by the constant flow method to test the earlier 
hypothesis of Hilditch and Paul (6) and of Shaw and Petersen (15) that 
the lower fatty acids are derived from the degradation of the longer chain 
fatty acids. The results do not indicate that the lower acids are derived 
from oleic acid. However, the amount of oleate injected was necessarily 
small and definite conclusions probably are not warranted. 
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In view of the recent work showing that acetic acid is used in the synthe¬ 
sis of fatty acids, this substance appeared to offer considerable promise as 
a precursor of the lower fatty acids of milk fat, since it is formed in the 
rumen in considerable quantities. Further, such synthesis would explain 
the ability of food carbohydrate but not blood carbohydrate to serve as the 
precursor of the lower acids. However, the lleichert-Meissl and Polcnske 
values on milk fat from fasted ruminants receiving considerable acetic acid 
abomasally and intravenously were typical of fasted animals. 

Butyric acid, being produced in the rumen by the fermentation of carbo¬ 
hydrate, appeared to be another possible precursor substance. Four cows 
received relatively large quantities by the intravenous route. The results 
are conflicting. In one case there was actually an increase in the Polenske 
value, and the normal Reichert-Meissl value was maintained even though the 
eow was fasted. These results were not duplicated in succeeding experi¬ 
ments, although the Polenske value of the milk fat of the two additional 
fasted cows receiving butyrate did not decrease nearly so much as in the 
case of a fasted control cow. While no conclusions appear to be warranted, 
the data do suggest some interesting possibilities. 

It may be that the butyric acid was being converted to acetone bodies 
and burned at such a rapid rate that little reached the mammary gland 
except in the one case. The same could also apply to acetic acid. On the 
other hand, if butyric acid was being made available to the gland in these 
experiments and was not being incorporated into the triglyceride, it will 
necessitate thinking in terms of something more complicated than a simple 
recombination of glycerol and fatty acids in the formation of the triglycer¬ 
ides of milk fat. 

There has been considerable disagreement as to whether blood carbo¬ 
hydrate is the precursor of the lower fatty acids of milk fat. Because of 
the considerable amount of data which has been accumulated in the past few T 
years in studies concerned with this possible relationship, and because of the 
rather conclusive negative data reported in this paper, it may be well to 
examine and summarize the data collected to date. 

The suggestion that the lower fatty acids of milk fat are synthesized 
directly from carbohydrate is based entirely upon the reports that the 
respiratory quotient of the normal active gland of the ruminant exceeds 
unity (3, 9,12) and that the respiratory quotient of the gland of the fasted 
ruminant is less than unity (9, 16). It is pointed out that these two find¬ 
ings coincide with the fact that fasting decreases the short-chain fatty acids 
as well as the carbohydrate content of the body. The high respiratory 
quotient (RQ) of the active normal gland, which was first reported by 
Graham et al, (3), appears to be established fairly well. The reports by 
Reinecke et al. (9) and by Shaw et al. (16) that the RQ of the gland of the 
fasted ruminant is less than unity, are based on only a few* observations. 
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Because of the difficulty involved in obtaining representative RQ’s on the 
gland, many more data are needed to establish the latter with certaint}". 
In addition, Reinecke et al. reported that 48 hours or more of fasting were 
required to produce a low HQ. It is difficult to correlate this with the fact 
that the greatest decrease in the lower fatty acids occurs within the first 24 
hours of fasting. However, assuming that the ltQ of the gland of the fasted 
ruminant is low, what does it represent in terms of the metabolism of the 
gland f 

In the first place, most investigators have been unwilling to accept the 
IiQ alone on any particular organ as proof of the type of metabolism taking 
place within that organ. Recent work showing that carbon dioxide actually 
is used in synthesis within the body lias tended to confirm this view. Sec¬ 
ondly, there is considerable doubt of a true metabolic relationship between 
the decrease in the lower fatty acids and fasting on the one hand, and the 
lowering of the IIQ of the gland reported for the fasted ruminant oil the 
other, since it has not been possible to demonstrate a consistently low RQ 
for the glands of cows in which the lower acids had been decreased markedly 
by the feeding of cod-liver oil (12). 

Even if it were possible to establish such a relationship, it must he kept 
in mind that neither the feeding of cod-liver oil nor fasting decreases the 
lower acids more than 3,1 to 40 per cent. If the lower fatty acids are synthe¬ 
sized from carbohydrate, how then can we account for a low RQ with 60 
per cent or so of these acids still being so synthesized? 

The amount of glucose available to the gland for the synthesis of fat 
appears to be entirely insufficient for the synthesis of the lower fatty acids. 
Graham first attempted to measure the blood flow in relation to glucose 
uptake by the gland, using the thermostromuhr method, and concluded that 
the glucose uptake was insufficient to account for more than 50 per cent of 
the milk lactose (2). At the time it was believed that the thermostromuhr 
method of measuring blood flow in vivo was quite accurate. However, very 
exhaustive experiments by Gregg ct al. (5), Shipley rt al. (18), and Shipley 
and Gregg (17) have shown that such is not the case. They obtained errors 
as great as 300 per cent and stated that “ . . . the flow of blood in an artery 
of an animal can only by chance happening be determined from a unit 
applied to it which had been previously calibrated in an artificial circulation 
system . . . this is so, because, for the same unit it is indeed an accident 
when in vitro and in vivo environments influence the differential tempera¬ 
ture-flow relations in the same direction and to the same extent.” 

By determining the calcium, inorganic phosphorus, and glucose uptake 
by the gland and the total amount of calcium, phosphorus, and lactose 
secreted during a 24-liour period, it was possible to calculate the blood flow, 
the total amount of glucose utilized by the gland, and the amount of glucose 
available for other purposes after accounting for lactose (16). Five such 
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experiments showed a blood flow of 494 volumes for each volume of milk 
formed, with a range from 408 to 561. The glucose uptake was sufficient 
to account for 105.5 per cent of the milk lactose. In the five experiments 
it was found that the glucose uptake was sufficient to account for 81.4, 101,2, 
115,4, 115.15, and 97.9 per cent of the lactose secreted. 

As any mammary gland balance must depend upon the accuracy of the 
arteriovenous determinations in representing the true metabolism of the 
gland, this method of approach is subject to a great deal less error than the 
thermostromuhr method. The accuracy of a mammary gland balance based 
on the thermostromuhr method is dependent upon whether the arteriovenous 
differences represent the true average uptake by the gland as well as the 
accuracy of the determination of the rate of blood flow. The large errors 
reported for the latter method are much greater than that which would be 
expected where the rate of blood flow is calculated from the uptake of calcium 
and phosphorus and the total amount of calcium and phosphorus secreted in 
the milk as shown by the actual analysis of the milk. 

Data obtained by Shaw and Petersen (15) and Shaw, Boyd, and Petersen 
(13) can be used to make similar calculations, although in this case the 
average analysis of milk must be used, and the blood calcium and glucose 
uptake do not necessarily represent the same cow or experiment. However, 
the values are sufficiently numerous and uniform to obviate gross errors. 
Twenty arteriovenous differences for plasma calcium averaged 0.31 mg. per 
cent. Converting this to whole blood values on the basis of a 30 per cent cell 
volume, the difference becomes 0.217 mg. per cent. Assuming that the aver¬ 
age calcium content of the milk is 120 mg. per cent, the ratio of calcium in 
the milk to calcium uptake becomes 553 to 1. The average of 40 determi¬ 
nations of the glucose utilization by the gland was 9.3 mg. per cent. At a 
ratio of 553 volumes of blood to one unit volume of milk, the glucose uptake 
could account for 5142 mg. per cent of lactose. With an average lactose 
content of 4900 mg. per cent in milk, this represents sufficient glucose to 
account for approximately 105 per cent of the lactose. The five complete 
balances of Shaw ct al. (16) are in good agreement with these calculations. 
The complete balance experiments included fat. To account for the lower 
fatty acids in these trials, the data show that from 25 to 30 per cent of the 
glucose would be needed if we are to postulate that the lower fatty acids are 
formed from carbohydrate. Even with the small amount of glucose taken 
up as glyeo-protein (10), it appears obvious that with neither blood lactic 
acid nor pyruvic acid being utilized by the gland, the gland does not remove 
sufficient carbohydrate from the blood to account for both lactose and the 
lower fatty acids. 

Also opposed to the suggestion that fasting causes a decrease in the lower 
acids by depleting the carbohydrate available for the synthesis of these acids, 
is the finding that the gland of the cow with ketosis continues to remove a 
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normal amount of glucose from the blood even when the blood glucose falls 
as much as 50 per cent (11), a value much lower than would be attained 
by two days of fasting. Further, it was observed that even such low values 
were not associated with a decrease in the lower fatty acids in those cases 
of ketosis in which the animals retained their appetites, indicating a relation¬ 
ship between feed intake and the lower acids, but not between blood glucose 
and these acids. 

Finally, with the data reported in this paper to the effect that the mainte¬ 
nance of the blood glucose of the fasted cow at a high level does not prevent 
or retard the decrease in the lower fatty acids, the evidence against the 
postulation that these fatty acids are synthesized in the gland from carbo¬ 
hydrate appears to be conclusive. 

SUMMARY AND CONCLUSIONS 

1. A technic was developed for the continuous intravenous feeding of 
ruminants. 

2. The continuous intravenous injection of cows with a protein hydroly¬ 
sate, glucose, oleic acid, and acetic acid failed to prevent the decrease in the 
lower fatty acids of milk fat caused by fasting. As much as 1984 g. of 
sodium acetate was administered in 22 hours and as much as 1985 g. of 
glucose was administered in 31 hours. 

3. A summary of the work to date renders the theory of a blood carbo¬ 
hydrate origin of the lower fatty acids extremely unlikely. 

4. The data obtained from the continuous injection of butyric acid are 
inconclusive. 
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INTRODUCTION 

The results of experiments initiated in 1942 (2) on dried milks packed 
in air and in inert gas indicated that the keeping quality of the products 
packed in an inert gas atmosphere of which the final oxygen concentration 
was 3 to 4 per cent was considerably greater than that of the products packed 
in air (20.9 per cent oxygen). Although the keeping quality of dried milk 
depends to a great extent on the freshness of the liquid milk used and the 
methods employed in its desiccation, the improvement in keeping quality 
that was effected by reducing the oxygen concentration of the containers was 
so marked that recommendations were made for the consideration of this 
method of packing for all dried milks which had to undergo rigorous con¬ 
ditions of storage, especially those destined for overseas use (4). Reduction 
of the oxygen concentration in the commercial containers to values of less 
than 3 per cent did not seem practical at that time. The results of Lea, 
Moran, and Smith (3) published in 1943 indicated also that the keeping 
quality of dried milks was increased when the oxygen concentration within 
the dried milk containers was decreased. Subsequent studies (1, 5, 6) con¬ 
firmed these observations and indicated the methods necessary to obtain 
oxygen concentrations of different values. 

Although the practice of packaging dried milk in atmospheres of reduced 
oxygen concentration had been used to a limited extent for some time in the 
industry when this work was begun, information was lacking on the amounts 
of gases held in dried milks by various forces, the factors that are concerned 
in the removal of these gases, and the relative effect of different oxygen 
concentrations on keeping quality. 

Spray-dried milks are composed of finely divided and very porous parti¬ 
cles and, therefore, have enormous total surface areas (internal as well as 
external) per unit weight of product. Thus it seems that gases may be held 
by the particles by adsorption and by occlusion, and in the fat by absorp¬ 
tion. In the following discussion these gases, however held, will be con¬ 
sidered together under the designation of sorbed gases. 

Aside from the specific characteristics of a porous material, the tempera¬ 
ture, time, and degree of evacuation are important factors in the removal of 

Received for publication January 10, 1947. 

i Data presented at the Technical Conference of the Dry Whole Milk and Ice Cream 
Mix Industry under the auspices of the QMC Subsistence Research and Development 
Laboratory, January 23-25, 1945, Chicago, Illinois. 
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sorbed gases. Hence, tlie effect of variations in these factors, as well as of 
the moisture content, on the amount of sorbed gases was studied to determine 
the relative importance of each factor and to determine the practical con¬ 
ditions that may be employed to remove these gases from dried milks. 

APPARATUS AND ITS OPERATION 

A diagram of the apparatus used throughout these studies to remove the 
sorbed gases, measure their volume, and determine their composition is 
shown in figure 1. 


-^VACUUM 


Fig. 1. Toopler pump and gas analysis system. 

A is a 500-milliliter ground-glass-joint flask that may be immersed in a 
constant-temperature bath. B is a mercury manometer, C a Toepler pump, 
D the gas burette, E the gas-collecting chamber of the gas analysis appa¬ 
ratus, and F the absorption system, consisting of a carbon-dioxide absorption 
burette containing potassium hydroxide and an oxygen-absorption burette 
containing alkaline pyrogallol solution. The manifold system is made of 
capillary tubing and the horizontal portion is mercury filled. The absorp¬ 
tion burettes and the gas burette are connected to the manifold by three-way 
T stopcocks. 

The flask A containing the 225 g. sample was immersed in a bath held at 
the desired temperature. The oil vacuum pump was then operated and the 
sample evacuated for the desired period of time at the desired degree of 
vacuum. When the vacuum required was less than the full vacuum of the 
pump, it was obtained by adjusting stopcock 1 and observing the manometer 
B, stopcock 2 being open to the Toepler system. After the desired vacuum 
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treatment, stopcocks 1 and 2 were closed and tlie Toepler system completely 
evacuated by operating stopcock 3. Stopcock 2 then was opened and the 
residual sorbed gas in the sample was desorbed over a period of about fi hours 
by heating the sample in A to 70° C. (or higher) and operating the Toepler 
pump at intervals of about 30 minutes to remove the gas and store it in 
burette 1), where it was measured. When it was desired to analyze the 
desorbed gas, it was transferred to burette E, where it was then measured 
both before and after absorption of the carbon dioxide and the oxygen in 
the appropriate solutions. 

EXPERIMENTAL 

In the following discussion the term “residual gas*’ lias been used to 
designate the gases which (‘an be removed from the system as indicated 
above after a given evacuation procedure has been used. The total amount 
of residual gases consists of the free gases remaining in the system plus the 
sorbed gases which can be removed from the produet. After an evacuation 
at a vacuum of 3 to 5 mm. pressure, the amount of free gas in the container 
is but a small proportion of the total amount of residual gas. The propor¬ 
tion increases as the degree of evacuation decreases. 

The amount of residual gas in a container varies with the efficiency of 
the evacuation process, ?>., degree, temperature, and time of evacuation. 
The amount of residual gas which can be removed with a Toepler pump 
varies with the temperature at which the product is held, the time of evacu¬ 
ation, and the physical structure of the product. 

At a given temperature the amount of residual gas obtained with a 
Toepler pump during the first interval of time is relatively large and de¬ 
creases with each successive interval. After 6 hours the amount obtained 
at. each interval is very small and practically a constant. The total amount 
obtained during (> hours was considered the residual gas content of the 
product. 

If the temperature of the product during desorption is increased, the 
amount of residual gas increases as indicated in figure 2. 

At temperatures greater than 70° 0., although larger volumes of gas are 
obtained, slight discoloration of the product occurs, suggesting slight decom¬ 
position. A temperature of 70° 0. was therefore chosen as that at which 
desorptions were to he carried out. 

Although the total amount of sorbed gases was not removed under these 
conditions, the values obtained are comparable. From data obtained it was 
estimated that approximately 80 per cent of the residual gas was removed 
in the manner prescribed, at 70° C. 

The Effect of the Temperature of the Product during Evacuation 
upon the Amount of Residual Gas 

An increase in the temperature usually decreases the amount of gas 
adsorbed by a porous material. Samples of dried milk were treated at a 



200 


H. S. IIALLER AND G. E. HOLM 


vacuum of 10 mm. pressure for 10 minutes at temperatures of 20°, 30°, and 
40° C., respectively, and the amount of residaul gas then determined as 
previously described. The amounts of residual gas obtained at 30° and 
40° C. were slightly but not significantly less in each case than the amount 
obtained at 20° C. However, when short periods of evacuation and products 
of moisture contents greater than usual are concerned, the efficiency of 
evacuation will be affected b}' the vapor pressure of the product, this pres¬ 
sure increasing with temperature. Under these conditions the efficiency of 
the process may be less at the higher temperatures. On e-half-pound samples 



Fig. 2. Amounts of gas obtained at different temperatures of desorption. 

of a commercial dried milk were subjected to the vacuum of an oil pump for 
3 minutes at 20°, 30°, 40°, and 50° C., respectively, and the actual vacuum 
attained in the system was noted. The values are shown in figure 3. Under 
similar conditions of evacuation, a number of tins of dried milk were pack¬ 
aged in nitrogen. After storage of 3 days at room temperature, the gases 
in the head space of the cans were analyzed. The average oxygen percent¬ 
ages of the gas in the cans evacuated at the different temperatures are shown 
in figure 4. It is evident that the values obtained are those which can be 
obtained only under the conditions used. They will differ with the moisture 
content of the product, the time of evacuation, the capacity of the pump 
used, and other factors. However, the results do emphasize the fact that 
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increasing the temperature at which the product is held does not necessarily 
increase the amount of gas removed by evacuation. 

The Effect of the Time of Evacuation upon the Amount 
of Residual Gas 

It is logical to assume that the longer a dried milk is held under a vacuum 
the less will be its residual gas content. 



TEMPERATURE CC.) 

Fig. 3. Monometric pressure obtained by evacuation of dried milk for 3 minutes at 
different temperatures. 

Figure 5 shows the results on an old sample of dried milk after treatment 
at various degrees of vacuum at room temperature. The values shown indi¬ 
cate that from 15 to 30 minutes is required to evacuate dried milks to a 
point where additional evacuation will produce only a small regular decrease 
with increase in pumping time. As expected, the amount removed increases 
with the time of evacuation, and increases more at the higher degrees of 
evacuation. 
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Fig. 4. Oxygen percentage in dried milk containers evacuated for 3 minutes at 
various temperatures. 



Fig. 5. Amounts of residual gas obtained from dried milks evacuated at different 
degrees of vacuum for different periods of time. 
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Effect, of the Degree of Vacuum Used upon the Amount 
of Residual Gas 

The time of exaeuatiou used in these experiments was 10 minutes, the 
temperature 25° C., and the degree of vacuum 10 mm. pressure of mereiirv. 
The results are given in figure 6. 

It is apparent from these data that the amount of sorbed gas decreases 
but slightly as the degree of vacuum increases from 31 to 3 mm. of pressure. 
The amounts of gas removed (R) at 25° C. represent the gas in the free 
space of the container after evacuation under the given conditions. The 



.Fid. l>. Amounts of icsnlual gas in dried milks exarunted at different degiees of 
vacuum. 

values represented by A are the amounts of sorbed gas obtained when the 
temperature was increased to 70° C. The total amounts of residual gas are 
represented by A t B . 

From the data presented it is evident that increases in time, temperature, 
and pressure of evacuation beyond practical values do not decrease greatly 
the amount of the sorbed gases held by the product. However, the desira¬ 
bility of the use of as complete a vacuum as possible is indicated in figure 6. 
At vacuums of several millimeters pressure, the amount of gas in the free 
space is, of course, very small. At 25 nun. of pressure il is approximately 
17.50 ml. or 3.65 per cent of the free space in a 1-lb. container and is approxi¬ 
mately equal to the amount of residual gas in the dried milk which can be 
removed by heating the product to 70° C. Upon evacuation at a vacuum of 
51 mm. pressure, the amount of gas in the free space is approximately twice 
that of the residual gas. 
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Effect of the Concentration of the Milk upon the Residual 
Cas of Its Dried Product 

It had been noted in preliminary experiments that dried milks made by 
different methods and of different degrees of fineness differed greatly in the 
amounts of residual sorbed gases. Samples of dried milk therefore were 
prepared from milks of different degrees of concentration varying from 



Fig. 7. Residual gas in dried milks prepared from milks of different concentration. 
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13 per cent to 38 per cent solids. The product made from milk of 13 per 
cent solids was finely divided and of low apparent density. As the concen¬ 
tration of the milk increased, the dried milks became coarser in texture and 
of greater apparent density. The results on determinations of residual 
gases in these samples are given in figure 7. 

The amounts of residual gas, or gas which remained in the products after 
treatment at full vacuum of an oil pump for 1 hour at 25° C„ decreased 
rapidly with increases in the solids concentration of the milk used. The 
decrease in the amounts of oxygen was relatively smaller. 

Effect of Moisture Content upon the Amount of tforbed Gases 

A series of experiments was conducted to determine the effect of vari¬ 
ations in the moisture content on the amount of sorbed gases remaining in 
dried rnilks after vacuum treatment. Samples of two dried milks containing 
loss than 2 per cent of moisture were allowed to absorb moisture from rela¬ 
tively humid atmospheres until the desired moisture content was obtained 
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in each ease. Samples ranging in moisture content from tluMiriginal amount 
to over 7 per cent Mere obtained in this manner. Each sample was subjected 
in turn to the full vacuum of an oil pump for 1 hour at 25° C., with an 
anhydrous magnesium perchlorate desiccant inserted between the sample 
and the remainder of the system. Ttie residual gas of each sample M T as then 
determined with the temperature of the sample maintained at 70° C. The 
results are shown in figure 8. 

Within the range of moisture content of commercial dried milks the 
amount of sorbed gases differed but slightly with differences in the moisture 
content. However, if the products absorbed moisture to amounts greater 
than 4 per cent, there was an abrupt decrease in the amount of sorbed gases. 
Whether the absorption of moisture facilitates in some manner the removal 
of gases during evacuation or whether the moisture is adsorbed preferentially 
has not been determined. 


Diffusion of Sorbed Gases 

To what extent the sorbed gases can be removed by the removal of nitro¬ 
gen into which these gases have been allowed to diffuse for a period of time 
Avas determined. 


TABLE 1 


Percentage composition of gas in container after successive evacuations , filling with 
nitrogen , and storing for different periods of time 


Period 

Nitrogen 

Oxygen 

Carbon dioxide 


(%> 

(%> 

(%> 

1st (3 days) 

97.8 

2.2 

Trace 

2nd (3 days) 

99.6 

0.4 

Trace 

3rd (4 days) 

99.8 

0.2 

Trace 

4th (3 days) 

100.0 

Trace 

Trace 

oth (1 days) 

300.0 

Trace 

Trace 


A freshly made sample of 225 g. of dried milk quickly was brought to 
full vacuum with the oil and Toepler pumps. Nitrogen then was bled into 
the system until the system M'as brought to atmospheric pressure; the sample 
was allowed to remain under these conditions for 3 days. A sample of the 
gas in the system then was withdrawn and analyzed, and the system again 
evacuated and filled with nitrogen. This cycle of procedure was repeated 
until the percentage of oxygen content of the nitrogen admitted M as practi¬ 
cally zero. The results are shown in table 1. 

After five stages of evacuation the system containing the sample was 
evacuated quickly again with the oil and Toepler pumps to rid it completely 
of free gases. The sample container then was immersed iu a bath main¬ 
tained at 70° C. and the liberated gases were removed with a Toepler pump 
and analyzed. 

The amount obtained was 6.15 ml., which is equivalent to 70.1 per cent 
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of the amount of sorbed gases that were removed from another sample of the 
same milk under similar conditions, except that no diffusion was allowed to 
occur. The composition of the residual gas obtained after the five successive 
evacuation and diffusion periods was as follows: Nitrogen, 9.1.9 per cent; 
oxygen, 4.1 per cent; carbon dioxide, trace. Hence, it is indicated that 
although all of the oxygen cannot be removed except by continued exhaustive 
removal by desorption and evacuation extending over a long period of time, 
the amount of oxygen which remains in the residual gas after two cycles of 
this process is relatively small. 

Percentage Composition of the Residual Gas 

Aside from the amounts of gas retained by the dried milks after evacu¬ 
ation. the oxygen concentration in this gas is of interest. In table 2 are 
shown the results of analyses of the residual gases from two freshly made 
and three relatively old samples of dried milk. 


TABLE 2 

Composition of rt sidual gases from representative samples of dried milk 


No. 

1 Rescript ion of sample 

Oxygen 

N itrogen 

Carbon 

dioxide 



<%) 

(Cc) 

( r ;) 

I 

Freslih made. 





Evac. 29.6 in., 10 min., at 25 <\ 

■ 52.7 

68.9 

1.4 


Freshly made. 

! 




Evac. 29.6 in., 15 min., at 25' C. 

| 59.0 

6J.0 

0.0 

5 

Old sample. 

i 

i 




E\ae. 50 in., 5 min., at 25 O. 

| 25.6 

05.m 

9.4 

4 

Same as no. 5. 



i 


Evfc. 50 in., 10 min., at 25' O. 

22.n 

ON.!) 

; 


Same as no. 5. 

1 




Evae. 50 in., 45 min., at 25 c C. 

1 25.7 

i 

66.1 

j 30.2 


The values in table 2 indicate that the amount of residual oxygen is 
relatively high and that of carbon dioxide is practically nil in freshly made 
dried milk. In aged samples the proportion of oxygen is less and the carbon 
dioxide considerably more than in freshly made dried milks. Also, the pro¬ 
portion of carbon dioxide in the residual gas is considerably more than would 
be expected if only the partial pressures of this gas in the atmosphere were 
concerned. However, carbon dioxide is adsorbed more strongly than the 
other gases concerned and therefore seems to concentrate in the product with 
a resulting displacement of other gases, in this case evidently oxygen! 

These results support the belief that adsorption is a vital factor in the 
retention of gases by dried milks. If occlusion alone were concerned, the 
percentage composition of the gases would be that of the air used in the 
drying procedure and also would not vary greatly with the age of the prod¬ 
uct. The release of oxygen by the product with age is of interest. To what 
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extent it can enter into consideration in practical procedures requires 
further study. 

DISCUSSION AND SUMMARY 

The amount of sorbed (occluded, adsorbed, and dissolved) gases in dried 
milks varies greatly with the fineness of the product. Dried milks made 
from milks of normal concentration contain a relatively large amount of 
sorbed gas, which decreases greatly as the concentration of the milk used 
is increased from 9 to 38 per cent solids. 

A large percentage of the sorbed gases can be removed by evacuation for 
relatively short periods of time within the practical range of temperatures 
of 20° to 40° C. The remainder only can be desorbed very slowly as the 
time of evacuation is extended. 

The composition of the sorbed gas varies with the storage time of the 
dried milk in an atmosphere of air. Freshly made products seem to have 
percentage concentrations of oxygen greater than air and very low percent¬ 
age concentrations of carbon dioxide. In older products, the proportion of 
oxygen in the sorbed gases is but slightly greater than that in air and the 
proportion of carbon dioxide is greater than can be accounted for if the gases 
are occluded air. 

The results indicate that most of the residual gases are held by adsorp¬ 
tion forces. 

A large proportion of the oxygen of the sorbed gas may be removed by 
successive evacuations, with periods of several days between to allow for 
diffusion of the oxygen into a nitrogen atmosphere. The results indicate 
that two cycles of evacuation—filling with nitrogen, and holding for 3 to 4 
days—remove a high percentage of the oxygen of the sorbed gases. 
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ASSOCIATION ANNOUNCEMENTS 

The Annual Meeting of the American Dairy Science Association will be 
held at Ontario Agricultural College, Guelph, Ontario, June 24, 25, and 
26,1947. Further information concerning the meetings will appear in later 
issues of the Journal. 

D. M. Seath, chairman of the Production Section, has appointed the 
following men to the Committee on Dairy Cattle Judging Contests: S. M. 
Salisbury, Ohio, Chairman; 1). L. Fourt, Idaho; and R. E. Johnson, Con¬ 
necticut. 

The membership of the Honors Committee, as listed on page 66 of the 
January issue of the Journal, was incorrect. The members of this com¬ 
mittee are: A. C. Dahlberg, New York, Chairman; A. C. Ragsdale, Missouri; 
and J. A. Nelson, Montana. 
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F. V. KOS1KOWSRY, A. C. DAIILBERG, E. S. GUTIITM E, and GEORGES KNAYSI 
Department of Dairy Industry, Cornell University, Ithaca, New York 

It is well known that butter deteriorates during long storage as a result 
of oxidative or hydrolytic processes with a subsequent formation of various 
chemical substances. The extent of the deterioration is governed by such 
factors as the past history of the butter and the conditions of storage. A 
number of chemical changes occur in butter as a result of storage. An inter¬ 
esting example of these changes is found in the work of ^Browne (2) who 
noted that a sample of butter exposed to the air at room temperature for a 
period of about 25 years markedly increased in the content of acids and 
total volatile acids and decreased in Ihe unsaturated insoluble acid content. 

Various attempts have been made to use the acid degree and the free 
volatile acidity of lmlterfat as a means of following the quality change in 
butter. Ferris, Redfiold, and North (II) found that after keeping sweet 
cream butter in cold storage 5 to 6 months there was a lowering in the score 
of one point, while the free volatile fatty acid value was about doubled. 
After G to 7 months the butter was removed from cold storage and kept at 
15° C. for 2 weeks, causing a drop in score but no increase in volatile acids. 
Bendixen (1), working with the acid number of fresh butter before and 
after storage, noted that an increase in the acid ratio (fat acidity: butter 
acidity) during a week at 21° C. and during 1 month at 0 to 5° C. seemed 
to be closely related to poor keeping quality, especially in the case of sweet 
cream butter. In an extensive study dealing with butter, Fouts (4) reported 
that most samples of unsalted butter increased in acid number of the fat 
during holding for 6 days at 21° C. 

The relationship, however, between the acid degree, free volatile acidity, 
and the quality of commercial butters covering the normal flavor score has 
never been clearly established. Fouts (4), using butter obtained for the 
most part from a student scoring contest and generally scoring 90 or over, 

Received for publication December 16, 1946. 

i The authors are indebted to Mrs. Lois Phelps and Mrs. Shirley Weiss for making 
some of the analyses. 
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could find little or no correlation between the acid degree and score of salted 
commercial butter. On the other hand, Knaysi and Guthrie (11) developed 
a colorimetric method for determining quality of commercial butter based 
on the principle that an indirect relationship existed between quality of com¬ 
mercial butters and concentration of free fatty acids. Guthrie (8) later 
stated that values obtained on a large number of butters by this method and 
by the method involving titration of the fatty acids correlated closely with 
each other, and both agreed with the flavor scores in the great majority of 
cases. 

The possible existence of a relationship between free volatile fatty acids 
and the quality of commercial butter apparently requires further investiga¬ 
tion. An attempt by Fouts (6) to study the relationship between degree of 
rancidity and volatile fatty acidity was limited to 14 samples of unsalted 
butter, all of which were rancid to some degree. It was concluded that no 
correlation existed between degree of rancidity and volatile fatty acid con¬ 
centration. 

It would appear that if a relationship exists between fat acidity and 
quality of experimental butter kept in storage, as indicated by Beiulixen (1), 
a similar relationship, possibly modified to some degree, might be shown to 
exist with commercial market butter. 

Most of the market butter today is made from pasteurized cream. As the 
pasteurization process inactivates lipolytic enzymes of milk and cream, there 
is much less chance that hydrolytic rancidity will occur. However, poor 
quality butters, even if manufactured from pasteurized cream, may have a 
high free fatty acid content as a result of certain factors. The cream prior to 
pasteurization may have developed some rancidity. Although some of the 
volatile fatty acid contributing to this rancidity would be washed out of the 
butter, Ferris, Rcdfield, and North (3) have shown that more remained in 
the butter from cream of high volatile acidity than in butter from cream 
showing low volatile acidity. In a similar way, Jack, Tarassuk, and Scara- 
malla (10) have obtained data which show that as the acid degree increased 
the flavor score of butter made from rancid cream decreased. Certain micro¬ 
organisms can hydrolyze butter-fat. If the cream is improperly pasteurized 
or if reeontamination after pasteurization occurs, these organisms may be 
present and eventually increase the free fatty acid content of the butter. 
Finally, the production of free fatty acids through oxidative rancidity should 
be considered. 

As there was on hand a new method considered sensitive enough to deter¬ 
mine the free volatile fatty acid content of butter over the normal market¬ 
able flavor score, a study was undertaken to investigate the possible relation¬ 
ship between free volatile fatty acid concentration and flavor score of salted 
commercial butters. At the same time, determinations of acid degree and 
Knaysi-Guthrie number (11) were conducted on the same butters to see to 
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what degree these constants were interrelated with each other and with flavor 
scores of sailed commercial butter. 

EXPERIMENTAL METHODS 

Butter samples for this study were obtained in 1-lb. lots, either directly 
from grocery stores throughout the central New York State area or from 
various plants manufacturing butter throughout the state. At first the plan 
was to obtain all samples of butter from different groceries, but due to ex¬ 
treme shortages less than half of the samples could be obtained in this 
manner. The buttermaking concerns were instructed to send a variety of 
grades of marketable butter which was held by them in storage. A total of 
69 samples of salted butter was obtained. 

As the samples of butter were received they were placed in a cold storage 
room until ready to be tested, which was usually 2 or 3 days later. To pre¬ 
pare the butters for analytical testing, each sample had its outer layer (0.25 
inch thiek) removed and then some of the interior portion was melted to a 
liquid state in a water bath having a maximum temperature of 50° C. The 
melted butter was next centrifuged for a few minutes and the oil layer drawn 
off by means of a suction pump into a clean flask. The serum also was saved 
for analyses. 

Analytical methods used in this work included the following: 

Acid <h<jr(c. The total fat acidity was determined by the recently pub¬ 
lished method of Herrington and Krukovsby (9). In this method 5 g. of 
butter oil were placed in a small flask, followed by the addition of 20 ml. 
neutral alcohol and 5 drops of 1 per cent phenolphthalein indicator (1 per 
cent in 50 per cent alcohol solution). The solution was heated to boiling 
and titrated with N/20 NaOH in 50 per cent alcohol. The results were re¬ 
ported as ml. N alkali required to neutralize 100 g. of fat. Acid degree and 
acid number were considered synonymous in this w T ork. 

Knaysi-Gnthrie number . This technic gives an index of free fatty acids. 
The method'was applied to butter by Knaysi and Guthrie (31) to estimate 
quality. To 1 ml. of clear butter oil in a test tube, 3 ml. of neutral red dye 
(pure xylol saturated with the base of neutral red) w r ere added and the 
mixture 'well agitated. The tube Avas compared to a set of color standards 
containing known quantities of oleic acid. 

Free volatile fatty acids in butler oil. Twenty grams of melted butter 
oil were mixed with 175 ml. of ethyl ether and the whole placed in a separa¬ 
tory funnel. The ether-fat solution Avas next Avashed six times with N/10 
NaOH in a manner described by Gould and Johnson (7). The alkali wash¬ 
ings carefully were heated over a hot plate to remove any ether; then they 
were placed in a Kjeldahl flask (800 ml.) to Avhich 35 g. of MgS0 4 -7H 2 0 
and a few glass beads already had been added. The mixture was brought 
to pH 2 with 50 per cent H 2 S0 4 , refluxed for 5 minutes, and distilled in 
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a slightly modified Kjeldahl distillation apparatus recently described by 
Smiley, Kosikowsky, and Daklberg (12). Distillation continued until crystal¬ 
lization occurred. The distillate and neutral alcohol rinse of the condenser 
tube were titrated with N/20 NaOH. Both water-soluble and water-insolu¬ 
ble volatile fatty acid values were recorded. 

Free volatile fatty acids in butter serum . The recovery of the volatile 
acids in the serum was conducted as follows: Ten grams of serum were added 
directly to a Kjeldahl flask containing 35 g. of MgS0 4 • 7 H 2 0, a few glass 
beads, and 280 ml. of distilled water. Enough 50 per cent H 2 S0 4 was added 
to lower tlie pH of the mixture to 2. After refluxing for 5 minutes and 
rinsing down the refluxer with 15 ml. of distilled H 2 0, the mixture was dis¬ 
tilled. The distillate (285 ml.) with the neutral alcohol rinsings from the 
distillation apparatus was titrated with N/20 alkali. Water-soluble and 
water-insoluble acids were measured. 

Total free volatile fatty acids in butter . In order to arrive at the total 
free volatile fatty acid content of the butter, it was assumed that for all 
butters the serum constituted one fifth of the butter. On this basis, the total 
free volatile fatty acidity of the butter was calculated on a ratio of four 
parts butter oil to one part butter serum. In routine analysis the tests would 
be made on the butter oil and serum from a weighed sample of butter. 

Butter score . The butter was graded by two of the authors. Butters 
were scored for flavor only, but were marked on the basis of 93 to < 85 or 
from excellent to very poor. Butters scoring lower than 85 were considered 
to be unmarketable. 

EXPERIMENTAL RESULTS 

Since the acid degree and the Knaysi-Guthrie number deal only with 
butter oil, it was necessary for comparative purposes to obtain the total and 
water-soluble volatile fatty acids of the butter oil. Furthermore, since it 
was felt that the key to certain relationships might be associated with the 
volatile acids of the serum, this portion of the butter also was analyzed. The 
results obtained from the oil and serum made it possible to arrive at the total 
and water-soluble volatile fatty acid content of the butters. 

The data obtained on 69 samples of salted butter are outlined in table 1. 
In this table the data are averaged together on the basis of half-point divi¬ 
sions in score. This type of grouping has the disadvantage of uneven weight¬ 
ing, as the groups vary considerably in the number of butters. In order to 
remedy this condition, a smaller number of groups, based on approximately 
equal quantities of butter (except in the last division), is presented in table 2. 

It may be noted in tables 1 and 2 that inverse general relationships of 
varying degrees exist between butter scores and the free fatty acid concen¬ 
tration of the butter and butter oil expressed as acid degree, volatile acidity, 
and Knaysi-Guthrie number. The most clear-cut and consistent relationship 
existed between total volatile fatty acid and flavor score of butter. The aver- 
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TABLE 1 

Relationship between flavor score, acid degree, and free volatile fatty acidity 
of salted commercial butter 


Butter 

No. of 

Volatile acidity of 
butter 

Acid 

Knaysi- 

Guthrie 

no. 

Volatile acidity of 
butter oil 

score 

butters 

Total 

Water- 

soluble 

degree 

Water- 

soluble 

Total 

93.0 

17 

(ml. N/20 
acid/20 g.) 
0.97 

(ml. N/20 
acid/20 g.) 
0.64 

0.65 

0.21 

(ml. N/20 
acid/20 g.) 
0.55 

! (ml. N/20 
acid/20 g.) 
0.87 

92.5 

5 

1.15 

0.71 

0.66 i 

0.60 

0.62 

1.05 

92.0 

5 

1.31 

0.83 

0.79 

1.00 

0.59 

1.03 

91.5 

2 

1.27 

0.80 

0.55 

1.00 

0.67 

1.08 

91.0 

5 

1.51 

1.02 

1.10 

0.90 

0.78 

1.20 

90.5 

3 

1.40 

0.82 

0.98 

1.00 

0.75 

1.17 

90.0 

8 

1.81 

1.24 

1.20 

1.00 

0.95 

1.43 

89.5 

3 

2.03 

1.38 

1.83 

: 1.83 

1.18 

1.87 

89.0 

9 

2.07 

1.43 

1.37 

0.89 

1.01 

1.54 

88.5 

5 

2.33 

1.57 

1.89 

0.90 

1.07 

1.72 

88.0 

2 

2.83 

2.08 

0.61 

1.00 

1.89 

2.33 

86.5 

2 

5.08 

3.43 

3.35 

3.30 

1.85 

2.22 

< 85.0 

3 

7.33 

6.04 

6.82 

9.33 

5.66 

6.94 


age volatile acid titer of 17 butters scoring 9.1.0 was 0.97 ml. N/20 acid/20 g. 
butter, and for 16 butters scoring 89 to 88 the average total volatile acid 
titer was 2.25 ml. N/20 acid/20 g. (table 2). Also, a fairly good inverse 
relationship was shown between the free water-soluble volatile fatty acid 
content and the flavor score of butter. 

The data in tables 1 and 2 also reveal that the acid degree and flavor 
score of butter appear to be related to some extent, but the relationship was 
not as consistent as that shown by the volatile acids of the butters. 

TABLE 2 

Relationship between flavor score, acid degree , and free volatile fatty acidity 
of salted commercial butter , using relatively even groupings 


Blitter 

No. of 

Volatile acidity of 
butter 

Acid 

Knaysi- 

Guthrie 

no. 

Volatile acidity of 
butter oil 

score 

butters 

Total 

Water- 

soluble 

degree 

Water- 

soluble 

Total 

93.0 

17 

(ml. N/20 
acid/20 g.) 
0.97 

(ml. N/20 
acid/20 g.) 
0.64 

0.65 

0.21 

(ml. N/20 
acid/20 g.) 
0.55 

(ml. N/20 
acid/20 g.) 
0.87 

92.5 to 
91.0 

17 

1.32 

0.85 

0.82 

0.85 

0.66 

1.09 

90.5 to 
89.5 

14 

1.77 

1.18 

1.29 

1.18 

0.96 

1.47 

89.0 to 
88.0 

16 

2.25 

1.56 

1.44 

0.91 

1.14 

1.70 

< 86.5 to 
no score 

. 5 

i 6.43 

5.00 

1 5.43 

6.92 

4.14 

5.05. 
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In general, based only on averaged values, as the butter quality became 
extremely poor, the Knaysi-Guthrie number showed a high value, while for 
the butter of excellent quality the Knaysi-Guthrie number showed a low 
value. However, in the area between excellent and extremely poor, the 
Knaysi-Guthrie number was irregular and insensitive. 

Analysis of the data obtained with the butter oil in comparison to those 



Fig. 3. The relationship between the total free volatile fatty acid content and the 
flavor score of salted commercial butter. 

obtained on butter (tables 1 and 2) reveals that the free volatile fatty acid 
content of the oil exhibits a similar, but less consistent, trend in its relation¬ 
ship to flavor score of the butter. This indicates that the free volatile fatty 
acids of the butter serum, in conjunction with those of the fat, must be con¬ 
sidered in any study of this nature if the results are to be correlated with 
observations on the butter. 
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Although data shown in tables 1 and 2 appear on the whole to exhibit 
clear-cut relationships in some eases, it must be emphasized that these data 
represent averages and not individual values and, in most instances, there 
was a wide range of values within each flavor score division. This is to be 
expected in a study of this type where many factors cannot be controlled. 
Some butters may be scored down as a result of defects not associated with 
increased fatty acids. In the case of other butters, neutralized cream may 



BUTTER SCORE 


Fig. 2. The relationship between the acid degree and the flavor score of salted 
commercial butter. (The numbers in the figure show the times that the same data were 
obtained.) 

produce an effect on acid degree determinations unrelated to concentration 
of free fatty acids. To show this point more clearly, part of the averaged 
data in table 1 was plotted on graphs, accompanied by results for the indi¬ 
vidual butters. Figures 1, 2, and 3 show the relationship existing, both in 
terms of averaged and individual values, between flavor score and total free 
volatile fatty acid content of butter; flavor score and acid degree; and flavor 
score and Knaysi-Guthrie number, respectively. Butter scores ranging from 
93 to 86.5 were plotted on these graphs. 
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It may be seen (fig. 1) that a definite inverse relationship does exist 
between the free volatile fatty acids and the flavor score of salted commercial 
butters. However, even this relationship, though definite in trend, is quite 
general when individual samples of butter are considered. The acid degree 
plotted against flavor score (fig. 2) shows wide variations between individual 
samples, although the general trend is for a good butter to have a low acid 



Fig. 3. The relationship between the Knaysi-Guthrie number and the flavor score 
of salted commercial butter. (The numbers in the figure show the times that the same 
data were obtained.) 

degree and a poor butter a high acid degree. The relationship of Knaysi- 
Guthrie number to flavor score of butter (fig. 3) generally was similar to 
that exhibited by the acid degree. 

DISCUSSION 

A study was undertaken to clarify the situation in regard to the free 
fatty acid content of salted commercial butters and its relationship to flavor 
score. 
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Data obtained in this study tend to confirm, in part, the conclusion of 
Fouls (4, 6) in regard to acid degree, since only an inverse relationship of 
a very general nature was observed from an analysis of 69 salted commercial 
butters. This relationship may be disturbed by various factors. Fouts 
(5) found that when the tit ratable acidity of sour cream was reduced by the 
addition of an alkali, the acid number of the fat also was reduced but not 
proportionately. In the present investigation, several low-scoring samples 
of butter possessing extremely high concentrations of free volatile fatty acids 
showed surprisingly low acid degrees. Another factor which might upset 
this relationship would be the grading down oi a butter because it had ab¬ 
sorbed flavors from its environment or because it had other flavor defects 
not associated with fatty acids. Of 69 samples analyzed, only two of the 
butters were considered as having slight absorbed flavors. Naturally, the 
variation in the number of these types of butter would affect any relation¬ 
ship proportioiiatelj'. However, this kind of butter probably represents 
only a very small percentage of the whole. 

Studies on the free volatile fatty acids of butter show that these acids 
are allied with flavor deterioration to some extent. This appears logical, 
since it is well known that lower chain fatty acids, such as butyric, caproic, 
and caprylic, usually are associated with odors of a rancid nature in butter. 

The new method evidently recovered more volatile fatty acids from butter 
than previous methods, and this was an important factor in showing the 
relationship between free volatile acids and butter score more clearly than 
heretofore. For example, Ferris et al. (3) found that the average free 
volatile acidity for 14 samples of 93-94 score butters was 0.65 N/10 acid per 
100 g. of butter, whereas by the method used for this work, 17 samples of 
butter scoring 93 averaged 2.43 ml. N/10 acid per 100 g. of butter, an in¬ 
crease of more than three times. In this respect, Fouts (6), using a steam 
distillation method, found that for a series of butters exhibiting slight to 
pronounced rancid flavor, the percentage of total free fatty acid that was 
volatile ranged from 11.4 to 16.7 per cent. In contrast, from sweet-cream 
butters used in the current work, an average percentage recovery of approxi¬ 
mately 30 per cent was obtained for all butter oils, again indicating more 
complete recovery. This value of 30 per cent was in good agreement with 
that obtained by Gould and Johnson (7) on fresh fat churned from milk 
and ether-extracted before steam distillation. 

Neutralization of sour cream for buttermaking should not affect the free 
volatile acid value of the butter in the same way it affects the acid degree. 
This is due to the fact that in the process of recovery of the free volatile 
fatty acids, the salts of the fatty acids formed by a neutralizer would be split 
by acidification to pH 2. However, neutralization might be a factor in re¬ 
ducing some of the free volatile acids of butter as the result of increased 
possibilities of losses of the neutralized acid during the washing of the 
butter. The indication is that this effect could not be great. 
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In regard to the free volatile fatty acids in the serum, it was assumed 
that the butter existed in a ratio of four parts of butter oil to one part of 
serum. Actually this ratio is not always found, but for commercial butters 
it will remain quite constant. It is evident that for routine determination 
of total volatile acidity in butter, the analysis should be made on the fat and 
serum from a given weighed sample. 

Although the free volatile fatty acids show an inverse relationship to 
flavor score of butter, this relationship does not appear exact enough to war¬ 
rant using it as a basis for determining the flavor score of butter. As a 
basis for roughly determining the excellent, good, or poor qualities of a 
butter, it might be acceptable. 

The Knaysi-Guthrie number did not correlate well with the butter score 
because of its apparent lack of sensitivity in regions of low fatty acid con¬ 
centration. In the method advocated by Knaysi and Guthrie (11) for 
butter, the authors stress the fact that no perfect agreement should be ex¬ 
pected between the quality of butter as estimated by their method and the 
score of the expert. The data presented herein show that 94 per cent of all 
butters gave Knaysi-Guthrie numbers of 2 or less and flavor scores ranging 
from 86 to 93, which substantiates the conclusion of Knaysi and Guthrie 
(11) who stated that “a test of 2 or below indicates, almost always, butter 
of fair, good, or excellent quality”. 

summary 

The existence of a possible relationship between butter quality and free 
fatty acid concentration, including those of a volatile nature, was investi¬ 
gated. Methods involved included the Knaysi-Guthrie method on butterfat, 
a titration method for acid degree, and a modified ether-extraction direct- 
distillation technic for free volatile fatty acid concentration in butter and 
butterfat. 

Free volatile fatty acid concentration of butter determined either as total 
or water-soluble acidity was found, in general, to be inversely related to the 
flavor score of 69 lots of salted commercial butter. Individual samples varied 
appreciably from the averages. 

The relationship between the acid degree and the butter score was not 
well defined. An inverse relationship was discernible but individual samples 
varied greatly. 

It was not possible to observe the existence of a close relationship between 
the flavor score of commercial butter and the Knaysi-Guthrie number of 
butterfat, even in average values, except that very high-scoring butters 
generally gave low values. 

On the basis of the data obtained, it would not be advisable to recommend 
using either the free total acidity or the free volatile fatty acid values of 
butter as an index for determining flavor scores of salted commercial butters, 
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due chiefly to variation of! individual samples from the averages. For a 
rough classification of commercial butters as excellent, good, fair, or poor, 
the use of free volatile acid values might have merit. However, the accumu¬ 
lation of much more data would be required before even this rough classifi¬ 
cation could be established. 
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THE VALUE OF GROUND WHOLE GRAINS VERSUS 
BY-PRODUCTS IN CONCENTRATE MIXTURES 
FOR DAIRY COWS 1 

C. L. NORTON* and E. S. SAVAGE* 

Department of Animal Husbandry, Cornell University, Ithaca, N. ¥. 

The nature of concentrate mixtures fed to dairy cows varies widely, 
depending upon the availability of ingredients. In regions where farm- 
grown grains are raised abundantly, the concentrate mixture consists pri¬ 
marily of corn, oats, or barley, and a protein supplement. Other areas 
depend to a greater extent on various by-product feeds to supply a part of 
the concentrate portion of the dairy ration. Regardless of the source of 
ingredients, widely different mixtures give satisfactory results under practi¬ 
cal conditions. Consequently, it was of interest to learn the relative value 
of quite different types of concentrate mixtures when fed under similar con¬ 
ditions. Two mixtures were chosen, one composed largely of by-product 
feeds, and another containing a high proportion of farm-grown grains. 

Several investigations (1, 2, 3, 4, 5, 6, 7, 8) have been conducted com¬ 
paring the nutritive value of simple and complex concentrate mixtures. In 
general, the results have indicated that simple mixtures are practically equal 
to more complex mixtures. However, little research has been conducted to 
compare by-product feeds and farm-grown grains when composing a major 
portion of the concentrate mixture. The following series of experiments was 
designed primarily to study the effect on milk production of concentrate 
mixtures composed of feeds of different sources. 

EXPERIMENT A 

This investigation was a double reversal feeding trial consisting of three 
7-week periods. Two groups of six cows each were used. These groups were 
equalized on the basis of breed, age, weight, stage of lactalion, and average 
production during a 2-week preliminary period. There were four Holsteins, 
one Brown Swiss, and one Ayrshire in each group. During the sixth week 
of the experiment, one Holstein cow died of an internal hemorrhage so her 
mate in the other group also was removed from the experiment. 

Group I was fed the Cornell test mixture especially developed for feeding 
cows on official test and containing 58 per cent of by-product feeds. Group 
II received a ground whole grains mixture containing 76 per cent of farm- 
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grown grains. At the end of each 7-week experimental period both groups 
of cows were reversed without a transitional feeding period. 

The formulas of the concentrate mixtures are shown in table 1. The 
analyses shown in the table are for the mixtures fed in experiment C, which 
was conducted a year later than experiments A and B. Although the same 
formulas were used in all three feeding trials, the analyses showed the Cor¬ 
nell test mixture fed in experiments A and B contained 20.0 per cent of total 
protein and 5.8 per cent of fat and was calculated to contain 16.2 per cent 
of digestible protein and 77.8 per cent of total digestible nutrients. The 

TABLE 1 


Formulas and analyses of the concentrate mixtures used 


Ingredients 

Cornell 

test 

mixture 

Check 

22% 

mixture 

Ground 

whole 

grains 

mixture 

By-products 

mixture 


(lbs.) 


(lbs.) 

(lbs.) 

Ground yellow corn 

340 

370 

500 

. 

Ground oats . 

370 

300 

600 


Linseed meal . 

200 

240 

350 


Wheat bran 

360 

200 


370 

Distillers’ corn grains, dried 

300 

300 


300 

Coeonut oil meal 

300 

240 



Ground wheat 



200 


Ground soybeans .. 
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Corn gluten feed 


i 


400 

Hominy feed 




500 

Soybean oU meal, 41% protein 


220 


300 

Molasses 

100 

100 

100 

100 

Dicalcium phosphate .. . 

15 

15 

15 

15 

Ground limestone . .. . 

5 

5 

5 

5 

Salt . 

10 

10 

10 

10 

Total amount, lbs. 

1 


1 


Total protein, % 


■ 

1 


Pat, % 


■ 

■ 


Digestible protein, % ... . 

14.93 

18.06 

14.86 

18.40 

T.D.N., %. 

76.89 

77.48 

78.71 

79.96 


ground whole grains mixture fed in the first two experiments contained 
20.3 per cent of total protein and 5.5 per cent of fat and was calculated to 
contain 16.9 per cent of digestible protein and 76.9 per cent of total digesti¬ 
ble nutrients. 

U. S. no. 2 clover-timothy mixed hay that analyzed 13.1 per cent of total 
protein and fairly well-eared corn silage supplied the roughage part of the 
ration. Hay was fed at the rate of 1 per cent and silage at the rate of 3 per 
cent of initial body weight. The concentrate mixtures were adjusted at 
weekly intervals in accordance with production the previous week. Concen¬ 
trates were fed three times daily at the rate of 1 lb. per 3.5 lbs. of 4 per cent 
fat-corrected milk (F.C.M.). The experimental animals were milked three 
times a day. 
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Fig. 1. The trend in milk production of the two experimental groups when receiving 
different concentrate mixtures. 

Figure 1 shows the trend in milk production. There was very little dif¬ 
ference between the two concentrate mixtures in promoting milk production. 
The average production of both groups on the Cornell test mixture shown in 
table 2 was 42.7 lbs. of 4 per cent F.C.M. and 42.3 lbs. of 4 per cent F.C.M. 
on the ground whole grains mixture. The difference in jjroduction of the 
groups on the two concentrate mixtures was not significant statistically. 
Since the difference was less than 0.5 lb. of milk per cow per day, it is like¬ 
wise of little practical importance. 

There was an average total gain in body weight for both groups of 3 lbs. 
per cow when the Cornell test mixture was fed, and an average total loss of 
7 lbs. per cow during the periods when the ground whole grains mixture was 
fed. There was little difference in the consumption of concentrates, hay, 
and silage on the two rations. 

From these results it appears that both concentrate mixtures were of 
nearly equal value when compared on the basis of milk production and main¬ 
tenance of body weight. The difference in payability, if any, was too small 
to be brought out by this experiment. Both mixtures were palatable enough 

TABLE 2 


Daily production of 4 per cent fat-correctcd mill' by experimental groups 



No. of 
cows 

Cornell test 
mixture 
(control) 

Ground whole 
grains mixture 
(experimental) 



(lbs.) 

(lbs.) 

Experiment A 




Double reversal trial (21 weeks) 

10 

42.7 

42.3 

Experiment B 




Continuous trial (26 weeks) 

8 

37.4 

35.1 
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that the cows consumed all of the concentrates that were offered throughout 
the experiment. 


EXPERIMENT B 

A continuous feeding trial with two groups of six cows each was designed 
to study any accumulative effects of the two concentrate mixtures used in 
experiment A. This study was conducted simultaneously with the first ex¬ 
periment and extended over a period of 26 weeks. During the trial one cow 
in each group had to be dropped from the experiment, so the mate of each of 
these cows also was removed. 

The experiment was summarized using only the four cows that completed 
the feeding trial in each group. The cows received the same general treat¬ 
ment and were feclat the same rates as those in experiment A. As this was a 
continuous trial, group III received the Cornell test mixture (table 1) for 
the entire 26 weeks, and group IV received the ground whole grains mixture 
for the same period. The trend in milk production is shown in figure 2. 



Fig. 2. The trend in milk production of the two experimental groups during a con¬ 
tinuous feeding trial of 26 weeks. 

During the experimental period, group III produced an average of 37.4 
lbs. of 4 per cent F.C.M., while group IV averaged 35.1 lbs. of 4 per cent 
F.C.M. per day (table 2). This difference of 2.3 lbs. in favor of the group 
receiving the Cornell test mixture does not indicate necessarily any superi¬ 
ority of that mixture in feeding value. One more accurately might assign 
this difference in production to the fact that group III, which received the 
Cornell test mixture, was a higher-producing group. During the 2-week 
preliminary period, this group averaged 2.8 lbs. more milk than did group 
IV. Figure 2 shows that the trend in milk production was essentially the 
same. The difference existing between the groups at the end of the feeding 
trial was slightly less than at the beginning of the experiment. The body 
weight changes were of greater magnitude but were bribe reverse order of 
those that occurred in experiment A. The cows in groi%,III lost an average 
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of 22 lbs. during the 26 weeks while receiving the Cornell test mixture, and 
group IV showed an average gain in body weight of 12 lbs. per cow. 

EXPERIMENT C 

Four groups of six cows each were selected for this reversal type of 
experiment. Three Holsteins, one Brown Swiss, and two Jerseys were in 
each group. Four concentrate mixtures were fed in rotation to each group 
of cows in order to eliminate the effect of differences in production among 
the groups. The allotment of the cows to the various groups was based on 
breed, age, weight, stage of lactation, and expected productive ability. 

The formulas and analyses of the concentrate mixtures fed are given in 
table 1. The Cornell test mixture and the ground whole grains mixture had 
been used earlier in experiments A and B. Two additional mixtures which 
contained approximately 22 per cent of total protein also wore included. The 
by-products mixture consisted entirely of by-product feeds and minerals and 
contained 22.9 per cent of total protein. The check 22 per cent mixture was 
fed as a control mixture to determine the effect, if any, of a slightly higher 
protein mixture, since the two mixtures first mentioned contained about 18 
per cent of total protein. 

These two latter mixtures contained a larger amount of protein for two 
practical reasons. First, mixtures of such protein content fit the type of 
roughage fed on many farms, especially where non-leguminous roughages 
are fed. Second, it is difficult to make up a satisfactory mixture of by¬ 
products alone that has less than 20 per cent of total protein. 

The average grade of the hay fed was no. 2 timothy medium clover mixed 
hay, and this hay contained 10.2 per cent of total protein. The corn silage 
was of excellent quality and was fairly well-eared. 

The experimental periods were 6 weeks in length. At the end of each 
period the concentrate mixtures were changed abruptly with no intervening 
transition. The cow r s w r ere milked three times daily, and the concentrates 
were fed previous to each milking. Hay and silage w y ere fed twice daily. 
Concentrates were fed at the rate of 1 lb. for each 3.5 lbs. of 4 per cent F.C.M. 
produced daily during the previous week. One pound of hay was fed for 
each 100 lbs. of body weight. Slightly more than 3 lbs. of corn silage per 
day per 100 lbs. of body weight were fed. Daily weighbacks of uneaten hay 
were recorded, but it was unnecessary to take weighbacks of concentrates or 
silage. 

It was somewhat surprising that the concentrate mixtures that differed 
so much in their ingredients w 7 ere eaten so readily when the cows were 
changed abruptly from one mixture to another. Judging from the rate at 
which the cows consumed the mixtures, it must be assumed that they were 
unable to detect or were indifferent to the overnight changes that occurred 
at the end of each experimental period. There were no observable differ¬ 
ences in the palatability of the four concentrate mixtures. 
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Table 3 gives a summary of the production of 4 per cent P.C.M. This 
table summarizes the production on the basis of concentrate mixtures and 
groups of cows. The highest average production, 42.9 lbs. of 4 per cent 
F.C.M. per cow per day, was obtained when the groups received the check 
22 per cent mixture. The average production was 42.5 lbs. when the Cornell 
test mixture was fed; 42.4 lbs. of 4 per cent P.C.M. were produced when the 
ground whole grains mixture and the by-products mixture were fed. The 
greatest average difference in production on these four mixtures was only 
0.5 lb. of milk per day. This difference was not statistically significant. 
The variation in production on the different concentrate mixtures was con¬ 
siderably less than the differences among the experimental groups. Also, 

TABLE 3 

Summary of the daily production of 4 per cent fat-corrccled milk 


Av. production of 4 per cent F.C.M. per day 


Group 

Cornell 

test 

mixture 

1 

Check 

22% 

mixture 

Ground 

whole 

grains 

mixture 

By¬ 

products 

mixture 

Av. 

production 


(lbs.) 

(lbs.) 

(lbs.) 

( lbs .) 

(lbs.) 

I 

47.2 

43.6 

40.5 

36.0 

41.8 


(j)eriod 3) 

(period 2) 

(period 3) 

(period 4) 


II 

35.2 

46.1 

43.7 , 

39.2 

41.1 


(period 4) 

(period 1) 

(period 2) 

(period 3) 


III 

43.2 

40.1 

47.3 | 

46.5 

44.3 


(period 3) | 

(period 4) 

(period 1) 

(period 2) 


IV 

44.2 

41.7 

38.1 i 

47.8 

43.0 


(period 2) 

(period 3) 

(period 4) 

(period 1) 


Av. production 

42.5 

42.9 

42.4 

42.4 

42.6 


there was less difference in production on the Cornell test mixture and the 
ground whole grains mixture than was shown in the double reversal trial in 
experiment A. 

Peed consumption was practically the same for all groups. Since the 
concentrate portion of the ration was fed according to production, the higher 
producing groups received slightly more concentrates. The change in body 
weight was a general trend toward a slight gain in body weight throughout 
the experimental period. 


DISCUSSION 

This series of experiments has several practical implications. In periods 
when some of the standard ingredients in feed mixtures are difficult to 
obtain, the results of these experiments indicate that substitutions may be 
made on a rather wide basis without altering the feeding value or paya¬ 
bility so long as the total protein and total digestible nutrients remain fairly 
constant. If it is economical to do so, the results indicate that by-product 
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feeds of the vegetable oil-producing and milling industries may replace farm- 
grown grains entirely, and vice versa, to a certain extent, without noticeably 
affecting the nutritive value of the mixture. In fact, such a procedure is 
rather common practice among feed mixers in producing economical feeds 
from ingredients that change in their price relationships to one another from 
time to time. Although not a commonly recommended feeding practice, 
abrupt changes in the concentrate mixture may be effected without pro¬ 
ducing harmful results. 


SUMMARY 

A scries of three experiments comparing the feeding value of different 
concentrate mixtures indicated that there was little or no difference in the 
palatability of concentrate mixtures that differed widely in the ingredients 
used. A mixture containing 76 per cent of farm-grown grains was equal in 
promoting milk production and in palatability to a standard concentrate 
mixture throughout a continuous study of 26 weeks 7 duration. Similar 
results were obtained in a double reversal trial. 

Another experiment involving four concentrate mixtures containing 
widely different ingredients showed there was little difference in feeding 
value among the four mixtures. Abrupt changes from one mixture to an¬ 
other had no unfavorable effect on feed consumption. All mixtures proved 
equally palatable. Body weight essentially was unaffected by the different 
concentrate mixtures. 

REFERENCES 

(1) Branton, C. C., Rusoff, L. L., and Seath, D. M. Simple vs. Complex Dairy Rations. 

Dairy Res. Digest (La. Sta.) 1(3): 1. 1943. 

(2) Dawson, JR., Watt, A. L., McIntyre, C. W., Lfjghton, R. E., and Graves. R. R. 

Single Grains and Grain Mixtures as Supplements to Alfalfa ITay and Silage for 
Milk Production. IT. S, Dept. Agr. Cir. 696. 1944. 

(3) Monroe, C. F,, and Krauss, W. E. Simple vs. Complex Rations for Dairy Cattle. 

Jour. Dairy Sci., 25: 673-674. 1942. 

(4) Monroe, C. F.,* and Kuauss, W. E. Single vs. Complex Grain Mixtures in Dairy 

Rations. I. Winter Feeding of Milking Cows. Ohio Agr. Expt. Sta. Bimo. 
Bui. 238: 19-24. 1946. 

(5) Monroe, C. F., and Krauss, W. E. Simple vs. Complex Grain Mixtures in Dairy 

Rations. II. Summer Feeding to Milk Cows on Pasture. Ohio Agr. Expt. Sta. 
Bimo. Bui. 239: 31-35. 1946. 

(6) Monroe, C. F., and Livesey, Walter. Simple vs. Complex Grain Mixtures in Dairy 

Rations. Y. Continuous Feeding Trial with Milking Cows. Ohio Agr. Expt. 
Sta. Bimo. Bui. 242: 123-130. 1946. 

(7) Morrison, F. B., Bratton, R. W., and Salisbury, G. W. Influence of Quality of 

Protein in the Concentrate Mixture on Production of Dairy Cows Fed Mixed Hay 
and Corn Silage. N. Y. (Cornell) Agr. Expt. Sta. Ann. Rpt., 1942: 103-104. 
1942. 

(8) Williams, N. K., Cannon, C. Y., and Espe, D. L. Production of Dairy Cows When 

Fed Only Silage and Cracked Soybeans. Jour. Dairy Sci., 19: 459. 1936. 




THE HEAT RESISTANCE OF LACTOBACILLI FOUND IN 
AMERICAN CHEDDAR CHEESE 1 

W. L. SLATTERN and II. 0. HALVORSONs 
University of Minnesota, St. Paul 

The heat treatment of milk for eheesemaking is not a new development. 
However, pasteurization as ordinarily defined has not been used extensively 
in the cheese industry, the temperature and time of exposure often being 
less than the minimum required by public health officials. A number of 
states have passed laws requiring that cheese either be made from pasteur¬ 
ized milk as defined by public health ordinances or be aged a specified length 
of time. Such laws affect not only the cheese made in these states but also 
all the cheese produced in other states for sale in the areas concerned. 

Experience has shown that Cheddar cheese made from pasteurized milk 
rarely develops the full, characteristic flavor ordinarily found in good qual¬ 
ity raw milk cheese, even after an extended ripening period (11, 19, 20). 
This may be due to the destruction of enzymes, destruction of microorgan¬ 
isms, or to a chemical change in the milk as a result of pasteurization. Bac¬ 
teriological studies have shown that lactobacilli often grow extensively in 
Cheddar cheese and frequently are present in tremendous numbers after 
ripening for several weeks (1, 15, 16, 17, 21, 22, 23). This suggests that 
these organisms rnay be important in the cheese-ripening process. The rea¬ 
son pasteurized milk cheese ripens more slowly may be that many of these 
organisms are destroyed in the pasteurizing process. The object of this 
investigation was to study the heat resistance of lactobacilli found in Ched¬ 
dar cheese. 

REVIEW OF LITERATURE 

The st an dard of comparison of heat tolerance of different species of 
bacteria originally was the thermal death point, i.e., the lowest temperature 
at which a suspension of bacteria could be killed in 10 minutes. This method 
cannot give comparable results unless conditions such as age of culture, 
approximate number of cells, pH of suspension, dimensions of test tubes, 
and thickness of glass in the test tubes are standardized. 

The idea has since gained acceptance that (a) there is no critical lethal 
temperature, (b) any temperature high enough to have an unfavorable 
effect upon the growth and stamina of the bacteria is lethal and (c) bac- 
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teria will be destroyed if they are subjected to an unfavorable temperature 
long enough. Research workers in the canning industry have found it more 
suitable for their purposes to keep the temperature constant and to vary the 
time. The thermal death time is considered to be the shortest time neces¬ 
sary to kill all bacteria in a given suspension at a given temperature. 

Since the basic work of Krdng and Paul (19) in 1897, it has been recog¬ 
nized that the mortality rate of bacteria exposed to unfavorable conditions 
follows a generally regular and consistent course. Under a wide variety 
of conditions, this course is such that a straight line is obtained when the 
log of the number of bacteria surviving at a given moment is plotted against 
the time elapsed since the beginning of the experiment. 

The order of death of spore-forming bacteria has been found to be 
logarithmic by Chick (10), Bigelow (6), Weiss (27), Esty and Meyer (11), 
and Watkins and Winslow (26). 

Bigelow and Esty (8) wore perhaps the first to consider some of the 
factors now recognized as very important, and they proposed a standard 
technic for determining the resistance of organisms to heat. They proposed 
an accurately controlled oil bath and special thermal-death-time tubes of soft 
glass 250 mm. long, 7 mm. inside diameter, and with a wall thickness of ] 
mm. The spores were suspended in juices expressed from various canned 
foods which had received one heat treatment. When a juice had been in¬ 
oculated with a spore suspension, it was introduced into the therinal-death- 
time tube, which then was sealed and placed in an oil bath for the heat treat¬ 
ment. Fifteen seconds were allowed for the tubes to come to bath tempera¬ 
ture before time was counted. This method was designated as the ‘'single 
tube” method in contrast to one proposed later by Esty and Williams (12). 
One difficulty with the single tube method was described as “skips”, i.c., 
destruction of organisms at shorter times when longer heating would leave 
viable cultures. 

In 1924 Esty and Williams (12) introduced a “multiple tube” method 
to reduce the number of skips. Instead of heating one tube for a given time, 
25 to 30 tubes were heated, each containing a portion of the same suspension, 
and all were heated alike for at least four different time intervals. These 
intervals were selected to cover the entire range of heat resistance based on 
percentage survival. 

Bigelow (6), using the thermal-death-time data reported by Bigelow and 
Esty (8), plotted the results on semi-logarithmie paper instead of coordinate 
paper. The curves were drawn so that they passed between the time inter¬ 
vals representing the last positive and the first negative thermal death tubes 
in the greatest number of pairs of observation points with each organism. 
Such curves were straight lines or nearly so, and from them was secured 
the thermal death time of the organism between the temperatures which were 
used to construct the curve. Bigelow's work was done with spore-forming, 
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thermophilic organisms. Since no data were available for non-spore-form- 
ing bacteria, he determined the heat resistance of four such organisms (Bac¬ 
terium alJcaligenes , Bacterium, call, Bacterium acrogenes , and Bacterium 
protcus) at temperatures of 40° C. (104° F.) to 65° C. (149° F.) at5°-intcr- 
vals. He did not find as consistent results with these organisms as he did 
with the spore-forming, thermophilic bacteria. However, he concluded that 
the thermal-death-time curves for these organisms were logarithmic. 

Since Bigelow’s suggestion that death of non-spore-forming bacteria was 
logarithmic, Watkins and Winslow (2(5), Reamer and Tanner (5), and Baker 
and McClung (2) have published confirmatory results. 

Since bacteria follow a more or less uniform logarithmic order of death, 
death rates can be computed and conclusions drawn from them. Bigelow, 
Bohart, Richardson, and Ball (7) described the “general method” for mak¬ 
ing calculations of processing times for canned foods. One of the require¬ 
ments was that the thermal death time of the organisms being destroyed by 
the process must be known at all temperatures attained during the process. 
This knowledge was obtained by determining the thermal death times at 
several temperatures in the processing range. The data so obtained were 
plotted, using a logarithmic time scale and a linear temperature scale. The 
resulting points were connected by a smooth curve. From this curve, 
thermal death times were found for all temperatures obtained during the 
heating process. Tt was not necessary to know the mathematical formula 
relating the thermal death time to the temperature. 

Ball (3, 4) suggested some improvements for the “general method” of 
process calculations used in the study of temperatures required in the can¬ 
ning of vegetables. He did not use death rates or temperature coefficients 
but the factors F and z. The value F x was the thermal death time of the 
bacterial species at 121° C. (250° F.), while the value F represented the 
thermal death time at any other temperature. The letter z referred to the 
temperature increase in degrees Fahrenheit necessary to reduce the death 
time one-tenth. The value of z indicated the slope of the straight line ob¬ 
tained by plotting the logarithms of death time against temperature. The 
value F gave one point on the curve. Therefore, F and z were sufficient 
to characterize the thermal resistance of the bacterial spores at any tem¬ 
perature. 

When making thermal-death-time tests involving relatively short times 
(less than 10 minutes), the heat penetration lag, or the time for the thermal- 
death-time tube and its contents to come up to the temperature of the con¬ 
stant-temperature bath, may make up an appreciable percentage of the total 
death time (24). Many investigators apparently have ignored this fact. 
Bigelow and Esty (8), Weiss (27), Esty and Meyer (11), and Esty and 
Williams (12) used a series of glass tubes containing suspensions of heat- 
resistant bacteria which were heated in oil baths. Not more than 15 seconds 
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were allowed for lag in heat penetration. Townshend (25) measured the 
heat resistance of spore-forming anaerobes, using a water bath. He allowed 
a lag correction of 1 minute in the heating times. Sognefest and Benjamin 
(24) measured the heating lag.in Pyrex thermal-death-time tubes by means 
of a thermocouple when various media such as water, sugar solutions, and 
vegetable juices were placed in the tubes. The correction factor for water 
figured for an organism with a z value of 18 was 0.85 minute when heated 
in a water bath. Gross (14) used Kimble brand no. 45050 chemical test 
tubes in thermal-death-time studies of a staphylococcus in a meat-juice 
medium heated in an oil bath. The lag on these tubes was measured by 
means of a thermocouple and found to be approximately 3 minutes when 
heated to 140-160° F. 


EXPERIMENTAL METHODS 

Samples of cheese were obtained, using sterile triers, and the samples 
transferred to sterile sample jars. An 11-g. sample of each cheese was trans¬ 
ferred to a sterile mortar and ground to a homogeneous suspension with 
the aid of a pestle, a small amount of sterile sand, and the addition of part 
of the water from a 99-ml. sterile water dilution blank, the mixture repre¬ 
senting a 1 to 10 dilution of the cheese. From this dilution, other desired 
dilutions were prepared. The various dilutions then were plated, using 
Difco tomato juice agar containing 400 ml. tomato juice, 10 g. Bacto peptone. 
10 g. Bacto peptonized milk, and 11 g. Bacto agar per liter. The plates were 
incubated at room temperature (21° O.) for 10 days. Twenty-five contigu¬ 
ous colonies were picked from one plate in each set and inoculated into tubes 
of sterile litmus milk. After 10 to 14 days incubation at room temperature, 
the appearance of each litmus milk culture and the morphological character¬ 
istics of the organism were recorded. The cultures were stained with the 
gram stain using the Burke (9) modification. \ T on-spore-forming, gram¬ 
positive rods that reduced and coagulated litmus milk in 10 to 14 days at 
room temperature were selected as lactobacilli. The length and width of 
cells and the speed of growth in litmus milk were considered in the selection 
of cultures for the heat-resistance studies. Not more than two cultures were 
selected from any one cheese. The cultures selected were streaked on tomato 
juice agar, covered with another layer of agar, and incubated for 10 days 
at room temperature. Colonies then were picked into litmus milk and incu¬ 
bated again for 10 days at room temperature. The morphology of these cul¬ 
tures was observed, using the gram stain, and one culture was selected for 
the heat-resistance studies. The cultures selected were inoculated into glu¬ 
cose, galactose, lactose, fructose, maltose, mannite, mannose, salicin and 
inulin broths. 

The cultures were numbered as follows: the first number refers to the 
number of the cheese in which the organism was found, the second to the 
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number of the colony picked from the plate used in the isolation, and the 
third to the colony picked when the cultures were streaked on tomato juice 
agar. A record was kept of morphology, colony, and fermentation character¬ 
istics so that it was possible to get the history of a culture whenever necessary. 

The method employed for the heat-resistance studies was similar to that 
used by Bigelow and Esty (8), with litmus milk made from fresh skim milk. 
One drop (from a 2.2-ml. pipette) of each laetobacillus culture was trans¬ 
ferred into a 10-inl. sterile, skim milk dilution blank. The dilution blank 
was shaken vigorously for 1 minute. One milliliter of this dilution was 
added to each 100 ml. of sterile litmus milk to be inoculated for the heat 
treatment. The inoculated litmus milk was allowed to remain over night at 
5° C. and then transferred to sterile, Kimble brand no. 45050 (10 x 75 mm.) 
chemical test tubes and the tubes sealed. The number of bacteria in the 
inoculum was determined by plating various dilutions of the litmus milk on 
tomato juice agar. 

The sealed tubes were submerged in a De Khotinsky constant-temperature 
water bath with a maximum temperature variation of ±: 0.2° F. The tubes 
w r ere exposed in the constant-temperature bath for varying periods of time, 
the time intervals being measured with a stop.watch. When the tubes were 
taken from the water bath, they were immersed at once in water at 60-65° F. 
to cool. The tubes then were allowed to incubate 4 weeks at 30° C., after 
which all tubes were observed for growth. The first negative tubes in a 
series frequently were plated or observed under a microscope to be sure no 
viable organisms w^ere present. Single tubes were heated at 5-minute in¬ 
tervals to get a general picture of the heat resistance of the laetobacillus 
cultures. To determine tin? z values, ten tubes were removed at from 1- to 
5-minute intervals at each of four different temperatures. 

In order to determine the heat lag on the Kimble tubes used in the heat- 
resistance studies, a skim milk thermometer was made by attaching a 29-inch 
capillary tube to one of the Kimble tubes. A vacuum was pulled on the test 
tube with the capillary tube attached, and the test tube filled with skim 
milk containing a few drops of formaldehyde. It then was attached to a 
meter stick and calibrated against a mercury thermometer by holding in a 
water bath at different temperatures. To get the heat lag, this milk ther¬ 
mometer was placed in a constant-temperature bath at various tempera¬ 
tures and the meter stick reading recorded every 15 seconds. To get the 
cooling lag, the milk thermometer was transferred directly from the con¬ 
stant-temperature bath to water at 65° F. and the readings recorded every 
15 seconds until it reached 65° F. The time of heating and cooling was 
converted to an equivalent time at the temperature of the constant-tem¬ 
perature bath by a method of graphic integration. 

The temperature lag correction, when heating a skim milk medium in 
water to 135°, 145°, and 155° F., using z values from 8 to 12, was found 
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to be approximately 1 minute. One minute was subtracted from the time 
that the tubes were exposed to the constant temperature to get the lethal 
time of exposure in the constant-temperature bath. 

Tliirty-two cheeses made in various parts of Wisconsin and Minnesota 
were the source of the organisms used in these experiments. Twenty-four 
of the cheeses were made from raw milk. Two cheeses were made from milk 
pasteurized at 145° F. for 30 minutes, while six were made from milk flash- 
heated, the temperature fluctuating from 155° to 170° F. The age of the 
cheese varied from 1 week to 2 years. 

results 

Eight hundred colonics were picked from the 32 cheeses; 448 colonies 
were of organisms of the rod type. < >f the 23 colonies picked from a plate 
from each cheese, the types varied from all rods to all cocci. Very few rod 
types were found in the 2-year-old cheese. Tn the other cheese, many had a 
very high proportion of rods. When inoculated into litmus milk, 439 
cultures were found to be acid coagulating. 345 acid non-coagulating, 12 
formed a yellow sediment at the bottom of the litmus milk tubes, and 6 
cultures digested the milk solids. Sixty cultures were selected for further 
study on the basis of morphology, growth in litmus milk, and the source 
of the culture (raw or pasteurized milk cheese). 

A summary of the thermal death times at 143° F. of lactobacilli from 
raw milk cheese is given in table 1. Twelve cultures could be killed in less 
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TABLE 3 

Thermal death times at 154° F. of will ares from raw mill cheese 
not killed in GO minutes at 145 1 F. 


Period of exposure 

Thermal death time of culture no. 

at 154° F. 

13-20-6 

14-4-4 

19-27-6 

Minutes 




0 

+ 

- 

+ 

5 

+ 


+ 

10 

- 

- 

- 

15 

- 

- 

- 

20 

- 

- 

— 

Plate count per ml. of 




litmus milk culture 

124,000 

58.000 

120,000 


+ Indicates growth. 
-Indicates no growth. 


than 5 minutes, four in 10 minutes, nine in 15 minutes, three in 20 minutes, 
eight in 25 minutes, four in 30 minutes, one in 35 minutes, two in 50 minutes, 
and two in 60 minutes, while three cultures could not be killed in 60 min¬ 
utes. Approximately 83 per cent of the cultures could be killed in 30 
minutes or less at 145° F. 

The thermal death times at 136° F. of cultures from raw milk cheese, 
which could be killed in less than 5 minutes at 145° F., are given in table 2. 
The thermal death time varied from less than 5 minutes to 35 minutes, with 
nine of the eleven cultures being killed in from 10 to 20 minutes. 

The thermal death times at 154° F. of cultures from raw milk cheese 
not killed in 60 minutes at 145° F. are given in table 3. Ail three of these 
cultures could be killed in 10 minutes at 154° F. 

TABLE 4 

Thermal death times at 154° F . of cultures from pasteurised milk cheese 
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Fig. 3 . Thermaldcnthtimc cuiw": Curve A, Culture no. 3-8-1, s value - 8.5. Curve 
B, Culture no. 8—16—3, ~ \alue - 9.3. Curve C, Culture no. 3—0-6, c value = 12. 

The thermal death times at 154° F. of cultures from pasteurized milk 
cheese are jriven in table 4. The thermal death times varied from 10 to 30 
minutes. The colonies of this <rroup of organisms on tomato juice agrar com¬ 
monly were very small, approaehimr pin-point size. 

The fermentation characteristics of all cultures isolated were studied 
and found to have little or no correlation with their heat resistance. 

The heat resistance of the organisms was the only factor considered in 
selecting the cultures for the thermal-death-time curve studies. Two cul¬ 
tures (3-8-1 and 11-9-5) having a low heat resistance, three (8-16-3. 
6-25-7, and 19-1-6) having a medium heat resistance, and two (5-6-6 and 
30-20-1) havimr the maximum heat resistance were selected. 

Culture no. 3-8-1 could he killed within 5 minutes at 139°, 14 minutes 
at 136°, 24 minutes at 133°. and 55 minutes at 130° F. When these data 
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Fig. 2. Thermal-death time curves: Curve D, Culture no. 11-9-5, z value = 8. Curve 
E, Culture no. 6-25-7, s value = 8. Curve F, Culture no. 19-1-6, z valuer 8.5. Curve G, 
Culture no. 30-29-3, z value = 33. 
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were plotted on semi-logarithmic paper, they gave curve A shown in figure 1. 
The z value (slope of the curve) for this culture was approximately 8.5. 

Culture no. 8-16-3 could be killed in 5 minutes at 154°, 9.5 minutes at 
151°, 19 minutes at 148°, and 40 minutes at 145° P. When these data 
were plotted, they gave curve B (fig. 1). The z value was approximately 
9.5. 

Culture no. 5-6-6 could be killed in 14 minutes at 157°, in 24 minutes 
at 154°, in 50 minutes at 151°, and in 80 minutes at 148° F. These data 
gave thermal-death-time curve C (fig. 1). The z value was 12. 

Culture no. 11-9-5 could be killed within 9 minutes at 145°, 24 min¬ 
utes at 142°, 65 minutes at 139°, and 140 minutes at 136° P. These data 
gave curve D (fig. 2). The z value was 8. 

Culture no. 6-25-7 could be killed within 9 minutes at 148°, in 24 min¬ 
utes at 145°, in 50 minutes at 142°, and 110 minutes at 139° P. These data 
gave curve B (fig. 2), indicating this culture had a s value of approxi¬ 
mately 8. 

Culture no. 19-1-6 could be killed in 4 minutes at 154°, 9 minutes at 
151°, 19 minutes at 149°, and 50 minutes at 145° F. These data gave curve 
F (fig. 2). The z value was 8.5. 

Culture no. 30-20-1 could be killed in 4 minutes at 163°. 6.5 minutes 
at 160°, 14 minutes at 157°, and 19 minutes at 154° P. These data gave 
curve G (fig. 2), indicating a z value of approximately 13. 

The lactobacilli that could be killed in 30 minutes or less at 145° P. 
had z values varying from 8 to 8.5, while the organisms that could be killed 
in from 30 to 60 minutes at 145° F. had z values from 8.5 to 9.5. The 
organisms having a thermal death time of over 60 minutes at 145° F. had z 
values varying from 12 to 13. 

discussion 

The heat resistance of lactobacilli .found in Cheddar cheese varied 
within rather wide limits. Some of this variation undoubtedly was due to 
the differences in the numbers of organisms in the cultures used for the 
heat-resistance trials. However, this variation was not great when the 
thermal death time was less than 30 minutes at any temperature. It usually 
was possible to take different cultures of the same strain of lactobacilli and 
have the thermal death time on successive trial runs check within 5 min¬ 
utes. When the thermal death time was over 30 minutes, a much greater 
variation frequently was observed. Since the number of lactobacilli in a 
normal raw milk supply is comparatively low (1), the heat resistance data 
reported in this study may suggest a greater heat resistance for some 
organisms than would actually be the case in a raw milk supply. This 
observation seems justified because of the large numbers of organisms 
present in some of the cultures used for these heat-resistance trials. 
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In this study the percentage of lactobacilli destroyed by pasteurization 
exposure was considered more important than the variability of the heat 
resistance. Approximately 83 per cent of the lactobacilli found in Cheddar 
cheese made from raw milk could be killed in 30 minutes or less at 145° F. 
The lactobacilli found in Cheddar cheese made from pasteurized milk were 
much more heat resistant, having a thermal death time of from 10 to 35 
minutes at 154° F. This might explain why Evans, Hastings, and Hart 
(13) found only one-tenth as many Lactobacillus casei in pasteurized milk 
cheese as in raw milk cheese made from the same milk up to the forty-second 
day of ripening. The destruction of lactobacilli by pasteurization may be 
an important reason why cheese made from pasteurized milk ripens more 
slowly than cheese made from raw milk. This suggests the possibility that 
the ripening of cheese made from pasteurized milk may be accelerated 
either by adding the proper laetobacillus cultures or by ripening the cheese 
at a higher temperature in order to supply a more favorable growth tem¬ 
perature for the reduced numbers of lactobacilli that survive pasteurization. 

The fermentation characteristics of the lactobacilli found in Cheddar 
cheese had very little correlation with heat resistance. TThen the organ¬ 
isms were grouped according to their heat resistance, the more organisms 
in any one group the fewer the fermentation characteristics they had in 
common. 

The temperature lag on the Kimble brand test tubes used was approxi¬ 
mately 1 minute in a water medium. This checks closely with the correction 
determined by Gross (14) using the same tubes and by Sognefest and 
Benjamin (24) using similar tubes. 

The z values for the lactobacilli varied from eight to thirteen, with 
the most heat-resistant organisms having the highest z values. A thermal- 
death-time curve with a slope of 8 passing through a point at 145° F. for 
30 minutes shows that the lactobacilli which could be killed in 30 minutes 
or less at 145° F. also could be killed in 27 seconds at 160° F. or 7 seconds 
at 165° F. This would include 83 tier cent of the lactobacilli found in 
Cheddar cheese made from raw milk, as milk for cheeseraaking commonly 
is pasteurized at 165° F. for 15 seconds. Most ordinances require a mini¬ 
mum time and temperature exposure of 143° F. for 30 minutes or 160° F. 
for 15 seconds for public health reasons. These heat exposures would de¬ 
stroy approximately 52 per cent of the baetobacilli found in raw milk 
cheese. Using the minimum exposures would permit a significant increase 
in the number of lactobacilli surviving pasteurization. 

Some skips were encountered, especially where the thermal death time 
was over 1 hour. Few skips were encountered when the thermal death time 
was less than 30 minutes at any temperature, 

SUMMARY AND CONCLUSION'S 

1. The heat resistance of 60 laetobacillus cultures found in Cheddar 



242 


W. L. SLATTER AND II. 0. HALV0RS0N 


cheese made from raw milk was studied and found to vary within wide 
limits. 

2. The majority of laetobaeilli found in Cheddar cheese made from raw 
milk can be killed by pasteurizing at 143° F. for 30 minutes or 160° F. 
for 15 seconds. 

3. The fermentation characteristics of the laetobaeilli found in Cheddar 
cheese had little correlation with their heat resistance. 

4. The z values vary in a general way with the heat resistance of the or¬ 
ganisms, the most heat-resistant laetobaeilli having the highest z values. 

5. The destruction of laetobaeilli by pasteurization suggests the possi¬ 
bility of accelerating the ripening of Cheddar cheese made from pasteurized 
milk either by adding the proper lactobacillus culture to the milk or by 
raising the ripening temperature of the cheese to supply a more favorable 
growing temperature for the reduced numbers of laetobaeilli that survive 
pasteurization. 
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THE STABILIZATION OP CAROTENE IN DEHYDRATED 
LEGUMES (ALFALFA) AND CEREAL GRASSES 1 ’ 2 

A. W. HALVERSON and E. B. HART 

Department of Biochemistry, Colhpe of Jpriculture, University of Wisconsin, Madison 

In an earlier study on the stabilization of carotene (2) in dehydrated 
feeds and foods, consideration of various physical and chemical treatments 
was made. 

Additional heat treatments were effective in reducing the loss of carotene 
in dehydrated oats from 70-80 per cent to 30-50 per cent in 6 months storage. 
The addition of 0.9 per cent of diphenylamine to dehydrated oats decreased 
the loss of carotene from 77 to 41 per cent in 6 months. Experiments with 
a number of chemical agents which changed the reaction of the material or 
of substances which could act as reducing agents or acceptors of oxygen were 
ineffective. Pelleting and coating with flexo wax reduced the loss from 74 
to 45 per cent in 6 months. Attempts to remove the oxygen from the pellets 
before coating by washing with nitrogen also helped materially in decreasing 
the carotene loss. 

Further studies (3) showed that autoclaving dehydrated oats or alfalfa 
at 15 lbs. pressure for 1 hour and then pressing into large pellets (3x4 
inches) and dipping in flexo wax, reduced the loss in dehydrated alfalfa to 
28 per cent in 3 months and to 0 per cent in the case of dehydrated oats. 

EXPERIMENTAL 

Additional studies now have been made on the influence of time of auto¬ 
claving on the stabilization of carotene, as well as pelleting and nitrogen 
washing before pelleting and waxing. In table 1 the data show the effect of 
autoclaving for 1 hour in the absence of oxygen. In this process the chloro¬ 
phyll is destroyed and the material is of dark brownish color. Carotene 
determinations were made by the method outlined previously (1). These 
data show that mere autoclaving to assure complete destruction of the 
“lipoxidase”, which can bring about the destruction of carotene, had no 
significant effect in checking carotene losses. Only when oxygen is excluded, 
either in part or, preferably, completely, is preservation of the carotene 
brought to a comparatively high percentage. Washing with nitrogen before 
pressing was quite effective in further reducing the loss. However, after 
washing in nitrogen, the material was exposed to air in the process of pellet 
making. 

Received for publication January 8, 1947. 

1 Published with the approval of the Director of the Wisconsin Agricultural Experi¬ 
ment Station. 

2 This work supported in part by a grant from the Wisconsin Alumni Research 
Foundation. 
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In table 2 are the records of the effect of time of autoclaving on the caro¬ 
tene conservation. These data show that autoclaving for 5 minutes gave 
results similar to those secured with 60 minutes of autoclaving; carotene was 
well preserved in the material that had not been autoclaved at all but pro¬ 
tected from oxygen through pelleting and waxing, or. even better, by wash¬ 
ing with nitrogen and then pelleting in air and waxing. These data are in 
harmony with earlier observations by other investigators. The carotene can 
be preserved in plant tissues where the dehydrated material is stored in an 
inert gas such as nitrogen (1). Mere destruction of the carotene oxidizing 

TABLE l 

. Effect of autoclaving for t hour on the stability of carotene in dehydrated . 
cereal grasses and alfalfa kept at J° C. 

(All samples pressed 1 into large pellets 3 x 4 in.) 


Material and treatment 

Carotene content, jig./g. 
(air-dry basis) 

% loss 

6 mos. 


Initial 

3 mos. 

6 mos. 

Dehydrated oats 

! 




No treatment .. . 


155 

116 

74.2 

Autoclaved. . 

423 

171 

74 

82.5 

Auto. + flexo waxed. 

423 ! 

379 

335 

20.8 

A uto. + flexo waxed + N, washing 

423 

417 

368 

13.0 

Dehydrated Sudan grass 

No treatment . 

299 

l 

i 

96 

83 

72.2 

Aujtoclaved. . 


173 

136 

57.9 

Auto. + flexo waxed. ... 


191 

171 

47.0 

Auto. + flexo waxed + N a washing . .. 


260 

256 

20.7 

Dehydrated alfalfa 



i 


No treatment 

222 

88 

72 

67.6 

Autoclaved . 

235 ! 

117 

75 

68.1 

Auto. + flexo waxed. 

235 

154 

! 151 

35.8 

Auto. + flexo waxed + N a washing 

235 

160 

173 

26.5 

Alfalfa dried at 50° C. 





No treatment ... . .. . 

236 

154 

153 

35.2 

Autoclaved before drying 

334 

190 

129 

61.4 

Auto. + flexo waxed 

334 


282 

15.5 

A uto. + flexo waxed + N a washing .... 

334 ; 

262 

313 

6.3. 


1 Carver press: 1,500 lbs. per sq. in. 


enzyme, lipoxidase, will not lead to carotene preservation. Oxygen must be 
excluded or auto-oxidation of the carotene will proceed. 

In further experiments small tubular cellophane casings were used. Into 
these casings the commercially dehydrated oat material was lightly pressed 
and the ends merely twisted together and tied with a string. Various treat¬ 
ments were given the material before and after placing in the casings. All 
of the samples were mixed with water to a content of 15 per cent, giving a 
total initial moisture .content of about 22 per cent. After mixing with the 
water some of the samples were dried at 95° C. for varying lengths of timA 
In table 3 the treatments of the materials and the results secured are given. 
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TABLE 2 

Effect of time of autoclaving on prfservattim of carotene in dehydrated cereal 
grastas (oatin and alfalfa Tcept at 22—25° C. 

(Pressed into large pellets 3x4 in.) 


Material and treatment 

Carotene content, p,g./g. 

(air-dry basis) 

% loss 

3 DIOS. 

Initial 

3 in os. 

Dehydrated oats 




Unheated 

i 380 

212 

44.0 

IJnheated + flexo wax 

i 380 

280 

26.0 

Unheated + flexo wax - X a washing 1 

1 88ft 

390 

(10.0 

Auto. 60 min. 1 

* 425 

356 

16.0 

Auto. 60 min. + flexo wax 

425 

380 

10.0 

Auto. 60 min. + flexo wax - X 2 

413 

362 

12.0 

Auto. 30 min. -** flexo wax - X a 

394 

399 

00.0 

Auto. 15 min. ■*. flexo wax - N* 

394 

378 

4.0 

Auto. 5 min. + flexo wax -f X,. 

: 382 

403 

oo.u 

Dehydrated alfalfa 

! 



Unheated 

161 

77 

52.2 

Unheated + flexo wax 

; 161 

141 

12.4 

Unheated 4 flexo wax - X ? 

1 16 J 

154 

4.3 

Autoclaved 10 min. 




No wax 

1 147 

99 

32.6 

Flexo waxed 

, 147 

131 

10.9 

Flexo waxed + X 3 

j 147 

160 

00.0 

Autoclaved SO min . 




No wax 

1 155 

105 

32.2 

Flexo waxed 

1 155 

129 

16.7 

Flexo waxed -f N s 

! 155 

166 

00.0 


The results indicate a loss of carotene where the material was loose although 
washed with nitrogen and waxed. The result secured with sample no. 2 
(table 3) was striking. Xo loss occurred when the material was unheated 
and only waxed but contained total moisture at a level of about 20 per cent. 
Further, the material had turned brown and had a very pleasant aroma. 
Perhaps the oxygen left in the material had combined with the chlorophyll 
and the chlorophyll liad gone into the “brown’’ stage, giving an anaerobic 

TABLE 3 

Effect on carotene prest nation of various treatments of dehydrated cereal 
grasses (oats) involving addition of 15 per cent of water 
(Loose in cellophane tubes, kept at 22-25° C.) 


Treatment 

Color 

Carotene content, pg./g. 
(air-dry basis) 

% loss 

3 mos. 

Initial 

3 mos. 

Unheated—no wax . . 

Green 

380 

189 

49.7 

Unheated—waxed . 

Brown 

380 

380 

0.0 

Unheated—N t washed—waxed 

Brown 

380 

381 

0.0 

95° C.-—40 min. 

Green 

418 

285 

32.0 

95° C.—-40 min.—waxed. 

Green 

418 

310 

26.0 

95° C.—40 min.—N t washed—waxed 

Green 

1 418 

303 

27.€t 
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condition, or possibly the oxygen had been used up by tissue respiration or 
microorganisms with C0 2 production and 0 2 consumption. At any rate, 
there was complete carotene preservation under a very simple procedure. 
Where the samples had been dried at 95° C. and the added water lost, the 
color remained green with considerable loss of carotene. 

To secure more data on the behavior of sample 2 (table 3), an extended 
series of samples was prepared using both commercially dehydrated oats and 
dehydrated alfalfa. 3 Round cardboard boxes, 3.5 inches in diameter by 4 
inches deep, were used as receptacles. The materials were mixed with vary¬ 
ing percentages of water, firmly pressed by hand into the receptacles, and 

TABLE 4 


Effect of varying levels of added water on carotene preservation in dehydrated 
cereal grasses (oats) and alfalfa kept at ££-£f>° C. 


Treatment 

Color 

Carotene content, pg./g. 
(corrected to original 
water basis) 

% loss 

3 mos. 



Initial 

3 mos. 


Dehydrated oats- 

—10.1 per cent initial water content 


No H 2 0 added—no wax . 

Green 

379 

278 

26.6 

No IIoO—waxed 

Green 

379 

297 

j 21.6 

5% II 3 0—waxed .. 

Brown 

379 

386 

00.0 

10% H 2 0—waxed . 

Brown 

379 

431 

00.0 

35% HoO—waxed . 

Brown 

379 

387 

00.0 

1 5% H 2 0—head—waxed 

Brown 

379 

410 

00.0 


Dehydrated alfalfa—7.2 per cent Initial water content 


Xo H a O added—no wax 

Green 

139 ! 

1 108 

1 32.0 

Xo H a O added—waxed 

Green 

139 ! 

1 142 

! 10.7 

5% H 2 0—waxed . 

Brown 

139 

153 

1 3.7 

30% H«0—waxed 

Brown 

139 | 

| 171 

00.0 

20% H a O—waxed 

Brown 

139 

171 

00.0 

20% H«0— j" head—waxed 

Brown 

339 

174 

| 00.0 

30% H a O—waxed 

Brown 

159 

169 

00.0 


then covered tightly. In some cases a 0.5-inch head or air space above the 
material was left. Some of the alfalfa receptacles were covered completely 
with a thin layer of wax known as “Durex” and secured from the Dewey 
and Almy Chemical Company, Cambridge. Massachusetts. After 3 months 
of storage at room temperature (21-30° C.) the receptacles were opened and 
carotene determinations made. The results are shown, in table 4. 

All of the materials to which 5 per cent or more of water had been added 
turned brown in color. Those with the higher levels of water were deeper 
brown. The added water was in addition to that already present in the 
material, which was about 7 per cent in the alfalfa and 10 per cent in the 
oats. Where the color of the product was brown, a pleasant aroma not unlike 

* We are grateful to the Cerophyl Laboratories, Jne., Kansas City, Missouri, for the 
supply of dehydrated alfalfa and cereal grasses. 
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well-cured silage had developed. In all cases where 5 per cent or more of 
water had been added and the package covered with a wax to exclude free 
exchange of gases, the carotene was conserved completely for 3 months. 
There is no reason to believe that a longer time would have changed the 
results in this series. 

There was no bulging of the boxes or evidence of internal gas pressure. 
However, there may have been a slow diffusion. The nature of the chemical 
changes and character of the gases produced (if any) were studied further. 
Where no W’ater had been added, the material remained green in color but a 
considerable loss of carotene (20-30 per cent) had occurred. In many cases 
the amounts recorded as carotene were above the initial determinations. 
This phenomenon has been observed in studies on AIV silage (4) and on the 
effect of acids on carotenoids (5), and is attributed to the action of the acid 
on certain carotenoids with production of pigments of similar solubility to 
carotene. The amount of such pigments produced is relatively small. The 
fact that pigments of non-carotene nature may be produced by the action of 
acid on xanthophyll led to an examination of these samples for acidity. Sur¬ 
prisingly, the pH in all of the oat samples, including those where no change 
in color was observed, was (>.(). In the alfalfa samples it was 6.0-6.3. The 
higher figure was obtained with the alfalfa to which no water had been 
added. These figures represent an exceedingly low degree of free acidity. 

The pH was determined by suspending 3 g. of the material iu 25 ce. of 
water, stirring, and, after standing 20 minutes, reading on a pH meter. If 
there were acids produced the amounts must have been quite alike in all 
samples, mainly, C0 2 . Even where a 0.5-inch head of air had been left in 
the receptacle, no loss of carotene occurred. 

Further, to make certain that the observed increase in carotene did not 
represent an actual loss of carotene, with compensation by formation of other 
pigments, the carotene conteut was redetermined by the chromatogram. The 
method used was that outlined by Wilkes (6). The initial analysis of the 
alfalfa by the phasic method showed 159 /ig. g. After storage for 4 months 
in the cold room (-4° C.), it showed 143 /xg. by the same method. By the 
chromatographic method 150 /ng. of carotene were recovered where 5 per cent 
of water had been added and 138 /ig. where 10 per cent of water was added 
and the materials kept at room temperature and sealed with flexo wax. 

Similar results were secured with dehydrated oats where comparisons 
were made by the phasic and chromatographic methods. The original analy¬ 
sis of the dehydrated oats showed 379 /cg./g. by the phasic method. After 
4 months storage in the cold room (-4° C.), it showed 385 /tg. by the same 
method and 344 /*g. by the chromatographic method. The experimental 
samples with 5 per cent of water, sealed with flexo wax and held at room 
temperature, showed 350 /*g./g. by the chromatographic method and, where 
15 per cent of water had been added and the samples likewise flexo-waxed 
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and held at room temperature, 360 jag v g. were obtained. If the thesis is 
accepted that by the chromatographic method more precise data are secured 
for the carotene content of a sample of dehydrated alfalfa or cereal grass 
than by the phasic method, then these data confirm the conclusion that 
practically no carotene is lost by the process of storage outlined. The in¬ 
creases observed under special storage with addition of water may be due, 
in part, to new pigments and also to limitations of the analytical methods. 

To determine whether microorganisms were principally concerned in the 
reactions observed, samples of dehydrated oats and alfalfa were mixed with 
10 per cent of water, placed in pasteboard containers 3.5 x 4 inches, lightly 
pressed by hand, and sealed with flexo wax. Controls with no additional 
water also were prepared. These samples were allowed to stand at room 
temperature for 5 days, then opened and assayed for bacterial count. The 
results follow: 



Color 

Aroma 

Bacterial 
count/g. 

Dehydrated oats, control 

So change 

So change 

2x10* 

Dehydrated oats, +10% water 

t » 

Aroma more 


Dehydrated alfalfa, control 

11 

prominent 
So change 

2x10* 

6x10* 

Dehydrated alfalfa, +10% water . 

i * 

Aroma more 




prominent 

4x10* 


The bacteria present were mostly aerobic spore-bearing bacilli, Bacillus 
subtilis. Very few staphylococci and very few mold spores were present. 4 
The data indicate that the changes in the material containing added water 
were not primarily of bacterial origin, at least not in the first 5 days of the 
experiment. 

It was important to determine whether carbon dioxide was being pro¬ 
duced and oxygen used up where these dehydrated materials were mixed 
with added water, and further, whether the changes were occurring in the 
first 5 days after preparation. To this end 240 g. of dehydrated alfalfa as 
control (7.5 per cent water) and 240 g. with 10 per cent of water added were 
lightly packed in separate glass tubes, fitted with proper carbon dioxide 
guards, and set aside for 5 days at room temperature. At the end of this 
time the gases in the tubes were swept through weighed potash bulbs and the 
carbon dioxide determined. The control showed 8.4 mg. C0 2 while the 
alfalfa containing extra water showed 53.5 mg. C0 2 . 

In a somewhat similar experiment apparatus was designed to determine 
the amount of carbon dioxide and oxygen left in the air in contact with the 
alfalfa mass after standing at room temperature for 1, 3, 5, and 10 days. 
These experiments were conducted in glass tubes, -where contact with outside 

4 We are indebted to Mrs. M. I. Robblee for this bacterial examination. 
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air was completely nullified. The air-dried material contained 7.5 per cent 
of water. 

The results follow and are expressed in volume per cent of C0 2 and 0 2 
left in the atmosphere surrounding the alfalfa particles. 



C0 a 

On 

1 day 

2.4 

17.8 

3 days 

3.8 

16.7 

5 days 

4.0 

14.3 

10 days 

6.9 

10.4 


it is evident from the data that the process of respiration was compara¬ 
tively slow, but was, nevertheless, a condition under which the carotene would 
be preserved. Just how complete a displacement of the 0 2 with C0 2 is neces¬ 
sary for carotene preservation has not been determined. 

Dehydrated plant tissue will vary in the rate of respiration, depending 
upon the temperature and time of drying, as illustrated in the following 
experiment. Alfalfa, cut on a University field, was spread on the laboratory 
floor and dried before a fan at a temperature of 22-25° C. This material 
was ground, lightly packed in glass tubes with and without added water 
(10 per cent), and the amount of C0 2 determined after standing 5 days at 
room temperature. The amount of material used in each experiment was 
220 g. and contained an initial water content of 12.4 per cent. The air-dry 
sample (12.4 per cent water) produced 45 mg. of C0 2 . The air-dry sample 
plus 10 per cent of water produced 144 mg. of C0 2 . The amount of C0 2 
produced where the water had been added represented, approximately, a 
concentration of 16 per cent of (*0 2 in the gas mixture surrounding the 
alfalfa particles. It is apparent that this material had a respiratory rate 
appreciably greater than the commercially dehydrated product. 

To determine what temperature changes would occur when the dehy¬ 
drated products were stored with 10 per cent of added water, each of two 
large fiber cartons lined with paraffin paper was filled with approximately 
28 lbs. of dehydrated alfalfa or dehydrated rye ami sealed at the cover joint 
with paper. The material was lightly pressed into the cartons. Thermome¬ 
ters were inserted through the covers and sealed to prevent leakage of air. 
These cartons were held at room temperature of approximately 23.5° C. 
There was no observable temperature rise in either carton. Daily readings 
remained the same and at the end of 2 weeks both cartons recorded tempera¬ 
tures of 23.5° C., which was the room temperature. Theoretically, heat must 
have been a product of the respiratory changes in these masses but, appar¬ 
ently, the rate of production was so slow that through radiation the constant 
temperature prevailing in the room was maintained in the mass of material. 

* Smaller cartons filled with dehydrated alfalfa or rye (after addition of 
10 per cent of water) and completely sealed with flexo wax. likewise showed 
no rise in temperature by the method used. 

The data on gas production, bacterial activity, and temperature records 
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lend credence to the belief that tissue respiration is restored after addition 
of the water. In the dehydration process, not all, if any, of the respiratory 
enzymes were destroyed and, in the presence of added water and room tem¬ 
perature, their action was renewed. Their activity automatically creates an 
atmosphere of carbon dioxide with reduced oxygen tension, an ideal condi¬ 
tion for carotene preservation. 

DISCUSSION 

The results secured in these studies emphasize the necessity of oxygen 
exclusion for carotene preservation in dehydrated cereal grasses or dehy¬ 
drated alfalfa during storage. Destruction of the lipoxidase by autoclaving 
■without further protection from access to air will not preserve the carotene. 

The results secured by mere addition of water to the dehydrated material 
and then protecting against free access to air seem to offer practical pro¬ 
cedures for carotene preservation in these materials. A total water content 
of 12 to 20 per cent, brought about by the addition of only 5 to 10 per cent 
of water, and the further protection against free access to air effectively 
stabilized the carotene for 3 months. In this process the material turned 
slightly brown and developed a very pleasant aroma. There may be objec¬ 
tions to the use of a process where the green color partially is lost, but it 
should be emphasized that greenness is not always an assurance of a high 
nutritive value in these materials. At the present time there is no conclu¬ 
sive evidence that cholorophyll has any function in animal nutrition. 

Whether the material could be prepared commercially with a final water 
content of 12-20 per cent has not been studied. Possible difficulties in grind¬ 
ing to a fine state would be encountered. If these materials could be so 
prepared and then stored under slight pressure in metal or fiber cartons or 
other containers so constructed as to prevent free exchange of air, it would 
seem probable that the carotene loss could be reduced considerably, if not 
prevented entirely. Such a process would save the adding of water after 
drying the material to a 6-10 per cent water content. The material to which 
only 5 per cent of water had been added was not so deep brown in color as 
w hen 10 per cent or more of water had been added. In fact, an olive green 
more nearly ■would describe the color. The nature of the chemical changes 
is not entirely clear. Oxygen absorption by the chlorophyll, ■with changes 
to the brown stage, appears possible but was unconfirmed experimentally. 
Acid products of a fixable character, such as lactic or acetic, must have been 
small in amounts and have served only as temporary intermediates. 

Samples set up with added water and sealed from free access of ait- 
produced estimable quantities of carbon dioxide. Probably the reactions 
resulting from the addition of the water were those of tissue respiration, with 
utilization of the oxygen and production of carbon dioxide thus establishing 
partial, if not complete, anaerobic conditions. Under such conditions it 
would be expected that the carotene could be preserved. 

Bacterial multiplication that could account for the chemical changes pro- 



STABILIZATION OP CAROTENE 


253 


duced was not observed. The samples with added water showed no increase 
in bacterial numbers as compared with the controls in the first 5 days of the 
experiment; yet carbon dioxide was being produced. It seems probable that 
the phenomenon observed was one of restored tissue respiration. 

Practical application of this principle can be made by the use of con¬ 
tainers allowing little or no diffusion of air or carbon dioxide. 

It is possible, indeed probable, that the respiratory enzymes left in the 
dehydrated materials will vary with the temperature and the time the mate¬ 
rial has been exposed in the process of drying. If this is true, the standardi¬ 
zation of the drying method is necessary in order that a maximum of respi¬ 
ratory enzymes survive the process of drying and thus make possible the 
conservation of carotene by the method outlined. 

summary 

1. Destruction of the lipoxidase by autoclaving for 1 hour at 15 lbs. pres¬ 
sure did not preserve the carotene content of dehydrated alfalfa or cereal 
grasses exposed to air at room temperature. 

2. Tilt* addition of 5 to 10 per cent of water to these dehydrated materials 
and then lightly packing them in receptacles sealed with flexo wax or Durex 
wax preserved the carotene completely for 3 months, when held at room tem¬ 
perature (22-25 c C.). The total water content for the oats was 15-20 per 
cent and for the alfalfa 12 17 per cent. 

3. The process of preservation appears to be a restoration of more rapid 
respiratory enzyme action with utilization of the oxygen and formation of 
carbon dioxide. There was no indication that bacterial action directly was 
responsible for the changes that occurred. Temperature changes during the 
process of respiration were negligible in the masses of material used. 

4. It is evident that receptacles with minimum or no air and CO- effusion 
rates are necessary for success in the preservation of the carotene by the 
method outlined. Oxygen must be excluded or at least held at a low concen¬ 
tration. This phase of. the problem is under further study. 
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EFFECTS OF SHADE AND SPRINKLING WITH WATER ON 
x SUMMER COMFORT OF JERSEY COWS 

1). M. SEATH and G. D. MILLEK 
Dairy Research Department, Louisiana Agricultural Experiment Station, 

Baton Rouge 

Results from a previous Louisiana test (7) have shown that dairy cows 
during warm weather spend a large portion of the daytime in the shade and 
that grazing time between morning and evening milkings may average less 
than 2 hours. After entering the shade of trees (average time 9:20 a.m.) 
respiration rates and body temperatures of cows showed a slow but gradual 
increase, with a maximum registered at 3:00 p.m., when cows entered the 
milking barn. 

As explained by Khoad (4), cows eliminate body heat by radiation and 
conduction ot' heat from their skin, and as latent heat of water vapor from 
skin and lungs. The portion of elimination by way of the lungs grows in 
importance as respiration increases, which in turn is most often caused by a 
rise in air temperature. At 71° F. Forbes, Braman, and Ivriss (1) found 
that about 40 per cent of the heat left the cow’s body as latent heat of water 
vapor. As reported by Kendall (3), the amount of water lost in this man¬ 
ner may vary as much as 12 lbs. per animal daily even when air tempera¬ 
ture, feed, and other conditions are kept as uniform as possible. Each pound 
of moisture lost carries with it 1,086 B.T.U. of heat, he reports, but as air 
temperature drops there is a decrease in the amount of water eliminated by 
insensible perspiration. 

Rhoad in his review (6) and report on experimental work (5) shows how 
time spent by cattle in the shade is associated with heat tolerance and that 
those with low tolerance, such as Angus, spend much more time in shade 
than do those of high tolerance, such as Brahman. He found Jersey cattle 
comparable to crossbreds carrying one fourth Brahman and three fourths 
Angus blood. Tests with these crossbreds on a hot day (air temperature 
80-102° F.) showed a respiration rate of approximately 90 per minute while 
in the sun, with a drop to around 40 after 1 hour in the shade. Body tem¬ 
peratures were approximately 102.8° F. and 101.4° F., respectively, under 
these two conditions. Tests on a cooler day, with air temperature between 
80 and 84° F., showed less change due to shade, ie., respiration rate was 
around 50 while cattle were in the sun, but dropped to 30 after 1 hour in 
the shade. Body temperature changed from approximately 101.7° F. in 
the sun to 101.0° F. in the shade. 

Reports by Villegas (10) on use of an air-conditioned barn near Singa¬ 
pore with temperature kept at 70° F. showed Holstein cows averaging 24 lbs. 
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of milk daily as compared to 9 lbs. from cows in an open, well-ventilated 
barn exposed to tropical temperatures. Reproduction records showed that 
58 per cent of cows in the air-conditioned barn conceived as compared to 
25 per cent in the other barn. 

Conversation with people who have visited the tropics has disclosed ob¬ 
servations made by them where water in a pond or stream or from various 
water sprinkling devices was used to make milking animals more comfortable 
during hot days. This applies particularly to water buffalo and to a lesser 
extent to cattle. Observations in Louisiana (9) revealed that Holstein cows 
had body temperatures on warm days that averaged approximately 0.75° F. 
higher than did Jerseys within the same herd. A high percentage of these 
Holsteins sought relief by lying in water and mud whenever available, a 
practice not often followed by the Jersey cows. 

EXPERIMENTAL 

Four grade Jersey cows were observed over a period of 10 days in an 
attempt to determine how shade alone, or shade following sprinkling with 
water, affected milking cows removed from the effects of direct sun’s rays 
during the summer. Bright sunshiny days were selected for making the 
tests; the first day of observation was on June 22, 1945, and the last one on 
August 1, 1945. Air temperatures in the shade varied from 83 to 90° F. 
and relative humidity from 61 to 80 per cent. 

The reversal experimental design was used for the test. On each test 
day the cows were tied by halters to a fence located in the sunshine. They 
were left exposed to the direct rays of the sun between the hours of 12:00 
noon and 2:00 p.m. Records then were made of rectal body temperatures, 
respirations as indicated by flank movements, and pulse rates as determined 
by placing tips of fingers on the underside of the tail and adjacent to the 
coccygeal artery. Following this, two of the cows were removed (dry) to 
the shade of a small barn (with numerous openings for ventilation) while 
the other two first were sprinkled thoroughly with water varying from 83 
to 85° F. before being taken into the barn. The procedure was varied so 
that each pair of cows had 5 days when they entered shade without sprink¬ 
ling (dry) and 5 days when they were sprinkled first before entering the 
shade of the barn. Sprinkling was performed by using a hand-type sprayer 
and thoroughly wetting all portions of the cow’s body. Records were made 
of body temperature, pulse rate, and respiration rate 0.5 hour and 1 hour 
after cow's entered the shade of the barn, using the same procedure as when 
cows were outside. 

RESULTS 

Body temperature . In each case shade alone, as provided by the barn, 
was effective in reducing materially the body temperatures of the dry cows. 
Mean reduction for 5-day records on individual cows after 0.5 hour in 
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shade (table 1) varied from 0.24 to 0.42° P. with an average of 0.34° F. 
After remaining in the shade 1 hour, the reductions varied from 0.58 to 
0.88° F., with an average of 0.74° F. Thus, actual body temperature after 
1 hour in the shade averaged 101.92° F. This was lower than after 0.5 hour 
by 0.4° F. Reductions after 1 hour were 118 per cent greater than at the 
half-hour period. 

When cows were sprinkled prior to entering the shade of the barn, their 
mean body temperature reductions in 0.5 hour varied from 0.3 to 0.8° F. 
with an average of 0.54° F. After 1 hour in the shade the mean reduction 
for the four cows varied from 0.78 to 1.4° F. In this case the 1-hour-period 


TABLE 1 

Changes in body temperature caused by shade or shade phis water sprinkling 
(5-dav mean values for individual cows) 



Shade alone trial 

Sprinkling plus shade trial 



Body temperature 


Body temperature 

Cow no. 

Body temp. 

reduction 

Body temp. 

reduction 


after 2 hr. 

After 

After 

after 2 hr. 

Wet and 

Wet mid 


in sun 

0.5 hr. 

1 hr. 

in sun 

in shade 

in shade 



in shade 

in shade 


0.5 hr. 

1 hr. 



( o ?.) 

( C F.) 

<"*•' 


( c f.i 

o 

102.40 

0.26 

0.7a 

102.14 

0.30 

0.78 

4 

102.42 

0.42 

0.82 

102.20 

0.54 

1.00 

11 

103.24 

0.42 

0.88 

' 103.22 

0.80 

1.40 

It! 

102.50 

i 0.24 

! 0.58 

j 102.50 

0.54 

| 1.16 

Av. 

102.66 

I °' 34 

| 0.74 

; 102.53 1 

1 n.54 

1.08 


decreases averaged 1.08° F., or 100 per cent greater than at the end of 
0.5 hour. 

Cows sprinkled prior to entering shade averaged at the end 0.5 hour 
0.2° V. lower than when not sprinkled; and after 1 hour they were 0.34° F. 
lower. The advantage of sprinkling vs. not sprinkling at the end of 0.5 
hour was 59 per cent, and at the end of 1 hour 46 per cent. Actual tempera¬ 
tures of sprinkled cows after 1 hour in the shade averaged 101.45 : F.. or well 
within the range of normal (2). 

Respiration rate . After being in the shade (dry) for 0.5 hour, respira¬ 
tion rates reduced from an average of 83 to 55.8 per minute. Actual mean 
reductions due to shade alone (table 2) ranged from 22.6 to 32.6 among 
the four cows and averaged 27.2. With but one exception (cow no. 12), 
respiration rates were slightly faster at the end of one hour than at the half- 
hour period. The average reduction was 25.2 per minute, showing that 
cows w y ere breathing two respirations per minute faster than at the half- 
hour period. 

Cows when sprinkled prior to entering shade dropped much lower in 
respiration rates than when not sprinkled. Before sprinkling, respiration 
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TABLE 2 


Changes in respiration rate caused by shade or shade plus water spriiikling 
(5-day mean values for individual cows) 



Shade alone trial 

Sprinkling plus shade trial 

Cow 

Respira¬ 
tion after 

2 hr. in sun 

Respiration reduction 

Respira¬ 
tion after 

2 hr. in sun 

Respiration reduction 

no. 

After 

0.5 hr. 
in shade 

After 

1 hr. 
in shade 

Wet and 
in shade 
0.5 hr. 

Wet and 
in shade 

1 hr. 

3 

4 

11 

12 

Av. 

(per min.) 
74.0 

88.2 

80.8 

89.2 

83.0 

(per min.) 
22.6 

26.4 

27.4 

32.6 

27.2 

(per min.) 
16.3 

on o 

2tl 

37.8 

25.2 

(per min.) 
74.0 

82.2 

92.2 
105.6 

88.2 

(per min.) 

37.8 

39.8 

50.8 

69.2 

49.4 

(per min.) 

34.2 

36.6 

37.2 

58.6 

41.6 


rates averaged 88.2 (table 2), while at end of 0.5 hour in shade they aver¬ 
aged 38.8, a reduction of 49.4. At the 1-hour period respirations had in¬ 
creased to an average of 46.6 or 7.8 per minute faster than at end of 0.5 
hour. When compared to reductions in respiration rates of non-sprinkled 
cows, the reductions following sprinkling were 81 per cent greater at the 
half-hour period and 65 per cent greater at the hour period. 

Pulse rates. Pulse rates appeared to change more slowly than did body 
temperatures or respiration rates. When dry cows entered the shade, they 
showed little change in pulse rate at the end of 0.5 hour (table 3). The 
average reduction from the original rate of 68.5 was only 0.8 per minute. 
Cow no. 11 actually averaged faster by 0.6 per minute. Shade alone at end 
of 1 hour effected a significant change in pulse rate, with mean reductions 
for cows varying from 1.0 to 5.8 and averaging 3.6 per minute. 

Sprinkling of cows prior to entering shade resulted in a great reduction 
in pulse rate. After 0.5 hour in shade pulse rates had dropped an average 

TABLE 3 * 


Changes in pulse rate caused hy shade or shade plus water sprinkling 
(5-day mean values for individual cows) 



Shade alone trial 

Sprinkling plus shade trial 

Cow 

Pulse rate 
after 2 hr. 

Pulse rate reduction 

Pulse rate 
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Pulse rate reduction 
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of 6.1 per minute, and the reduction averaged 6.6 per minute 1 hour after 
entering shade, leaving actual pulse rate at 61.4 per minute, the lowest of 
any observation period. 

DISCUSSION 

In the present study cows entering shade (dr}’) derived more benefit 
from the shade furnished by the openly ventilated barn than did cows ob¬ 
served in a previous study (7) utilizing shade of trees in a pasture. It is 
probable that the barn furnished more complete shade than did the trees in 
the pasture. Also, air temperatures in the previous study continued to in¬ 
crease after cow t s entered shade (average time 9: 20 a.m.); in this study there 
was little increase in air temperature after 2: 00 p.m., when cows w’ere taken 
from sunslpne into shade. Another factor to consider is that cows used in 
the present study were all grade Jerseys producing only small amounts of 
milk. In the pasture study (7) heavier producing cows were observed and 
one-half of the cows were Holsteius, a breed shown (9) to have a lower 
rating on heat tolerance than Jerseys. It is possible that a higher humidity 
in the forenoon than in the afternoon (which is usual in Louisiana) may be 
a contributing factor to differences found in these two experiments. The 
effects due to this cause, however, would not be expected to be large, in 
view of results from a previous study (8), where it was found that high 
humidity played a minor role as a factor affecting body temperature, respi¬ 
ration rate, and pulse rate of dairy cows. 

When cows in this study were sprinkled with water prior to entering 
shade, their body temperatures and respiration rates rapidly approached 
what has been reported as normal (2). It probably would require periodic 
sprinkling, perhaps once per hour, to hold such cows closer to normal than 
cows going into shade without sprinkling. However, as has been showm in 
this experiment, the unsprinkled group of cows would be slower in approach¬ 
ing normal. Whether or not practical sprinkling devices can be developed 
remains to be seen. Preliminary trials by the authors have shown that cows 
do not care to go into a coarse spray of water such as that produced by a 
conventional hose nozzle often used for lawns and gardens. Cows will go 
into a finer spray when located in the shade, according to a verbal report 
from a dairyman having had experience on a tropical island during the last 
war emergency period. Likewise, it has been observed by the authors that 
cattle when abnormally warm will usually relish wading into streams or 
ponds, particularly if they are located in the shade. 

ST’MM ARY 

1. Four grade Jersey cows w ere observed during 10 relatively w arm days 
in an effort to determine how T shade alone or sprinkling with water followed 
by shade affected their comfort. Air temperatures during periods of obser- 
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ration varied from 83 to 90° F. and relative humidity between 61 and 80 
per cent. 

2. Body temperatures of cows after exposure to sunshine for 2 hours 
averaged 102.66° F., and removal to shade (dry) resulted in reductions of 
0.34° and 0.74° F. after 0.5 hour and 1 hour, respectively. 

3. Sprinkling of cows (with original body temperatures after being in 
the sun of 102.33° F.) reduced body temperatures by 0.54° F. after 0.5 hour 
in shade, and by 1.08° F. after 1 hour in shade. In the latter case cows had 
temperatures which are considered normal. 

4. Respiration rates reduced to levels which averaged lower after 0.5 
hour than after 1 hour in shade. Cows not sprinkled showed a respiration 
rate of 83 per minute in the sun and an average decrease in rate of breathing 
of 27.2 at end of 0.5 hour and 25.2 after 1 hour in the shade. 

5. Cows sprinkled prior to entering shade had much greater reductions 
in rate of breathing than did lion-sprinkled cows, *>., 49.4 less after 0.5 hour 
and 41.6 less after 1 hour. 

6. Reductions in rate of breathing for non-sprinkled cows vs. those 
sprinkled favored the latter group by 81 per cent at end of 0.5 hour and 63 
per cent after 1 hour in shade. 

7. Average reduction in pulse rate for non-sprinkled cows after being in 
shade 0.5 hour was insignificant (0.8 per minute) but was significant (3.6) 
after 1 hour. Cows when sprinkled showed decreases in pulse rate that 
averaged 6.1 after 0.5 hour and 6.6 after 1 hour. 

8. Either shade alone or sprinkling followed by shade was found effec¬ 
tive in reducing body temperature, respiration rate, and pulse rate of dairy 
cows, with the second procedure being more rapid and also more effective in 
causing animals to approach readings which are considered normal. 

Thanks are due Dr. L. L. Rusoff of the Dairy Research Department for 
suggestions made toward the improvement of the report on this experiment. 
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ETHYL ALCOHOL FROM WHEY 


M. BOGOSA, H. H. BROWNE, i and E. O. WHITTIER 

Division of Dairy Research Laboratories, Bureau of Dairy Industry, Agricultural 
Research Administration, U. 8. Department of Agriculture 

The preliminary report by Browne (1) on the production of ethyl alco¬ 
hol from the fermentation of lactose in whey Avas published before the War. 
This early work with small batches of material gave evidence of promise. 
Whey as a raw material seemed a likely source of alcohol, since it probably 
is as cheap as any source of fermentable sugar, if a sufficient supply is read¬ 
ily and locally available. Furthermore, there is the constant problem, some¬ 
times serious, of reducing the B.O.D. of effluents to streams. Therefore, 
work was conducted on the selection of desirable yeast strains, on the physi¬ 
ology of lactose-fermenting yeasts, of which practically nothing was known, 
and on the definition of the conditions for a more efficient and economically 
feasible fermentation of lactose to alcohol by yeast. 

EXPERIMENTAL AND RESULTS 

At the beginning of this work it was quickly apparent from the results 
being obtained with the very few strains of lactose-fermenting yeasts then 
available, that it was essential to examine many different types of lactose- 
fermenting yeasts for their suitability for alcohol production. Accordingly, 
a large and heterogeneous collection of lactose-fermenting yeasts Avas 
acquired. 

The ability of the different types of lactose-fermenting yeasts to ferment 
the lactose in whey was measured by direct analyses of the residual lactose 
in the fermenting flasks after various periods of incubation at the optimal 
fermentation temperature for each organism. In each instance at least five 
analyses were made at different times during the course of a fermentation 
period. The relative rates of fermentation of whey containing 5 per cent 
of lactose at the beginning of the fermentation are shoAvn in figure 1. After 55 
hours Torula cremoris #2 had fermented all the lactose. In comparison, the 
following percentages.of residual lactose were present in the case of other 
organisms tested: Zygosaccharomyces lactis, 3.8; Torulopsis kefir, 2.9; 
Mycotorula lactis, 3.1; Candida pseudotropicalis, 1.7; Saccharomyces ana- 
mensis, 1.6; Saccharomyces lactis, 1.7; Saccharomyces fragilis, 1.4; Torula 
lactosa, 1.3; Torula sphaerica, 1.2; and Type F, an unidentified lactose- 
fermenting yeast, 1.3. Thus, certain strains of Torula cremoris were the 
most efficient of all the tested lactose-fermenting yeasts in the fermentation 
of lactose in whey. Consequently, the later pilot plant experiments were 
conducted with a strain of this yeast, Torula cremoris #2. 
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It then seemed advisable to determine the optimal conditions for fermen¬ 
tation. Tests at temperatures of 30°, 32°, 34°, 37° and 42° C. were made in 
a number of experiments, the results of which are depicted in figure 2. Fer¬ 
mentation took place faster at 37° C. than at any of the other temperatures 
used. However, after slightly longer intervals of time than are shown in 
the figure, the initial and somewhat later superiority of 37° C. over 32° C. 



° 0 19 26 43 • 51 68 96 


FERMENTATION TIME IN HOURS 

.Fig. 1. Relative efficiency of lactose fermentation by lactose-fermenting yeasts. 

is hardly apparent, and usually there is very little difference in the times 
necessary to effect complete fermentation (no residual lactose) at the two 
temperatures. Also, in fermenting larger batches of whey (150 gallons) 
which had an initial temperature of 30° C., the temperature rose to a maxi¬ 
mum of 33-34° C. (heat of fermentation) and remained at this level through¬ 
out the most active period of the fermentation. Because of these consid¬ 
erations and also because higher temperatures may induce greater losses of 
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alcohol by evaporation, thus lowering the yield, it is recommended that a 
temperature range of 33-34° C. be used. 

The question as to how much yeast should be used in the fermentation 
is important in terms of the time and economy of the fermentation. On 
the basis of the average number of grams of lactose fermented per gram of 
yeast per hour of elapsed fermentation time, it was established that a maxi¬ 
mum amount of yeast corresponding to 2 per cent of the weight of the 
lactose initially present is sufficient to ensure a satisfactory rate of fermen¬ 
tation. In experiments with larger batches of whey, amounts of yeast as 



FERMENTATION TIME IN HOURS 

Fig. 2. Influence of* temperature on the rate of lactose fermentation by ToniUi 
vremorU . 

low as 1 per cent fermented the whey at a satisfactory rate if the yeast was 
in good condition. 

The whey may be treated with heat, and either sour whey or acid may 
be added to precipitate the protein in the whey before the fermentation. 
If the whey is not treated, the initial pH of the whey mash should approxi¬ 
mate a value of 6.0. If the whey is acidified, our experience with different 
batches and types of whey has been that the initial pH of the clarified whey 
should lie within a range of 4.8 to 5.2. Obviously, it is important to know 
what effects the initial pH, as well as the change in pH during the course 
of the fermentation, have on the rate and extent of lactose fermentation 
by the yeast. Also, it is desirable to conduct the fermentation at as low a 
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pH value as possible in order to minimize growth of contaminating micro¬ 
organisms. Clarification may be of great advantage regardless of the utility 
or economy of isolating the whey protein, since the pH is lowered. 

Results of fermentation begun at different pH levels from 6.0 to 4.6 
are depicted in figure 3. A pH range of 4.7 to 5.0 is satisfactory for a good 
fermentation. Peculiarly, an initial pH of 6.0 (unclarified whey) also was 
satisfactory, whereas at intermediate pH levels irregular and less satisfac¬ 
tory results were obtained. 



PH 


Fig. 3. Influence of pH on the fermentation of lactose by Torula crcmoris. 

The course of pH change from the initial value is shown in figure 4. A 
relatively small change in acidity occurs during the course of a fermentation 
when the fermentation is begun within the range of pH 4.7 to 5.0. In view 
of these results, it is recommended that the initial pH of a whey mash'be 
adjusted to a range of 4.7 to 5.0. 

Yields averaging 90.73 j>er cent of the lactose as alcohol have been ob¬ 
tained from the complete fermentation on a laboratory scale. Under semi¬ 
plant conditions yields were somewhat lower (as low as 84 per cent), probably 
due to the inefficient still employed. These yields compare favorably with 
other processes. 
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The quality of the alcohol was highly satisfactory. Customary “rub” 
tests for fusel oils and esterification tests for amyl alcohol were negative. 
Like other alcohols produced from grain and similar raw materials, this 
alcohol contains small quanties of aldehydes. However, they may be elimi¬ 
nated conveniently in the rectification of the crude distillate. 


By-products from the fermentation, such as the whey protein and the 
slops, are of value as feed. The riboflavin and other vitamin content will 
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FiOt. 4. Course of pH change during fermentation by ToruXa cremoris. 

compare well, if not more favorably, with the vitamin content of the original 
whey on a dry basis. If the slops are to be dried for feed, the beer should 
be distilled at its naturally acid pH. Subsequent rectification of the crude 
alcohol can be conducted in the alkaline region to remove aldehydes. 

EQUIPMENT AND OPERATION 

On the basis of experimental work with 150-gallon batches of whey, it 
appears that the equipment for alcohol production should include at least 
the following items: a separator for removing the fat from the whey, a tank 
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fitted with a steam pipe for heating the whey, a filter press, a cooler for 
cooling the heated whey, one or more closed fermenting vats depending on 
the capacity of the plant, yeast tubs in a yeast room for propagating the 
yeast, an air line provided with a filter to furnish sterile air, a yeast recovery 
separator, an appropriately designed still, a storage tank for the distilled 
alcohol, condensing and drying facilities for the stillage slops if they are 
to be recovered, pumps, pipe lines, and a source of steam. 

The accompanying flow-sheet (figure 5) gives a simplified and general 



Pro. 5. Flow-sheet of alcohol production from whey. 


picture of ,a total operation. The steps in which a filter press and yeast 
recovery separator are used may be omitted. This is true particularly if 
the slops are to be recovered and sold for feed. In this case all the protein 
in the whey and the yeast from the fermentation are wanted in the con¬ 
densed or dried stillage slops for their nutritional value. 

DISCUSSION 

It is difficult to predict the costs involved compared to grain or mol'asses 
fermentation because much depends on local conditions, such as availability 
of raw materials; nevertheless, it is possible to make some tentative state¬ 
ments. Capital costs may compare favorably with other processes, since 
the alcohol plant could be a by-product plant operating as an adjunct to a 
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cheese or casein factory from which some space, equipment, and low-pres¬ 
sure steam would be available. In this case, the major capital outlay would 
be limited to the cost of clarifying:, fermenting, condensing, and distilling 
equipment. The steam cost for a finished 95 per cent alcohol from whey 
would be higher than that from other processes, since a grain or molasses 
mash can be fermented to a higher alcohol content. But the relative cost of 
capital outlay, raw materials, and similar items probably would compensate 
for the higher steam costs of the whey process. However, higher steam 
costs might be reduced considerably and even to a favorable competitive 
basis because sugar (glucose sirups or molasses) might be added to the whey 
and fermented to a higher alcohol content than the lactose naturally present 
in whey would permit. The addition of other sugars is feasible since whey 
contains all the necessary growth factors for the fermentation of these 
sugars by lactose-fermenting yeasts. Since the supply of whey may not be 
steady, and since the plant should be constructed for a maximum supply 
of whey, the addition of sugar sirups seems to be an economically desirable 
feature of the process. 

SUMMARY 

1. Various types of lactose-fermenting yeast were tested for their effi¬ 
ciency in fermenting lactose in whey, and Torn!a cremoris was selected as 
the most efficient organism. 

2. The optimal operating temperature for the fermentation in the semi¬ 
plant was found to be 33-34° 0. 

3. The pH of a whey mash should be within the range of 4.7 to 5.0. 

4. Yeast, equivalent to two per cent of the weight of the lactose is suffi¬ 
cient for satisfactory fermentation. 

5. Yields of alcohol were obtained averaging 90.73 per cent in the labo¬ 
ratory and as low as 84 per cent in the plant. 

6. The equipment and the operation of a plant producing alcohol from 
whey are described. 

7. The relative economy of the process is discussed. 
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ASSOCIATION ANNOUNCEMENTS 

ANNUAL MEETING: ONTARIO AGRICULTURAL COLLEGE, 
GUELPH, ONTARIO, CANADA, 

JUNE 24-26, 1947 

ABSTRACTS OP PAPERS 

All abstracts of papers to be given at the annual meeting must be received 
by the section Chairman by May 30. They should be mailed to the com¬ 
mittee chairman to whom the title was sent. 

REGISTRATION AND HOUSING 

Registration headquarters will be in the Administration Building, 
Ontario Agricultural College, Guelph, Ontario. 

Housing facilities will be available in College dormitories. Rooms in 
local hotels are very scarce. Meals will be served cafeteria style in Creelman 
Hall. An attempt will be made to house family groups in the same dormi¬ 
tories. Rooms and meals will cost $2.50 a day. Individual meals for dele¬ 
gates not in the dormitories will cost 50^ each. A return card relative to 
advance registration and housing will be sent to members by the Association 
Secretary in May. 

PROJECTION EQUIPMENT 

Lanterns will be available in all lecture rooms for projection of standard 
and 2" x 2" slides. Projectors for 16-mm. movies will be available by ar¬ 
rangement. Request for projection equipment should be made at the time 
abstracts of papers are submitted to the respective section Chairman. For 
the benefit of any bringing special electrical equipment, the available current 
is all 25 cycle. 

COMMITTEE MEETINGS 

Those wishing rooms for Extension and Production Section Committee 
meetings should write or contact G. E. Raithby and those in the Manufac¬ 
turing Section wishing the use of rooms for Committee meetings should write 
or contact W. H. Sproule. 

SPECIAL MEETINGS 

Groups wishing rooms and equipment for special meetings before, during, 
or after the regular session will please contact G. E. Raithby. Provision can 
also be made for a limited number of breakfasts, luncheons, or dinners for 
special groups. 

TRAVEL SUGGESTIONS 

Guelph is serviced by the two main railway lines in Canada, Canadian 
National and Canadian Pacific. Bus lines from the South, East and West 
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lead to the city. Highways nos. 6, 7, and 24 pass through the city, and 
motorists should make inquiry after crossing the border for highway sug¬ 
gestions. Representatives of the Ontario Tourists Association, located at 
border crossing points in Ontario, will be notified of the Conference and will 
be glad to give assistance. The nearest airport is at Malton, Ontario, about 
fifty miles from the College. Malton is on the main line of the Canadian 
National Railway between Toronto and Guelph. 

RECREATION 

On the campus are tennis courts, baseball diamonds, and an indoor swim¬ 
ming pool. Adjoining the College is a pay-as-you-play golf course. 


G. E. Raithby of the Animal Husbandry Department, Ontario Agricul¬ 
tural College, Guelph, has been designated as the representative of the host 
institution. 

W. D. Tolton of the Ontario Agricultural College, Guelph, has been ap¬ 
pointed to membership on the Extension Section Committee on Teaching 
Methods and Exhibits. 
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WITHIN-COW REGRESSION OP MILK-ENERGY YIELD ON AGE 

AND LIVEWEIGHT 1 

W. L. GAINE8 

Illinois Agricultural Experiment Station , TJrbana 
II. P. DAVIS and R. F. MORGAN 
Nebraska Agricultural Experiment Station', Lincoln 

INTRODUCTION 

Certain DHIA records of cows in Illinois farm herds (3, 4) showed that 
milk-energy yield is practically unaffected by age of cow, independent of 
liveweight. On the other hand, milk-energy yield is greatly affected by live- 
weight, independent of age. These results relate to Holstein and Jersey 
cows, separately by breed. In each breed some of the cows were registered 
animals and some were not. 

A similar result was found (1) from certain more accurate records ( e.g 
milk weighed at each milking instead of one day per month) in the Nebraska 
Station herd at Lincoln. The Nebraska data are for registered cows of the 
Ayrshire, Guernsey, Holstein, and Jersey breeds, all treated as one group. 
The lumping of the data for the four breeds quite possibly could disturb the 
general validity of the result, because the Holsteins were markedly larger 
than the other breeds and at the same time had a decidedly higher milk- 
energy yield per unit liveweight than the other breeds. The present paper 
presents a refinement of the analysis for the Nebraska data by finding the 
age-weight-yield relation within cow for the Holstein breed. 

PROCEDURE AND RESULTS 

The general principle of statistical procedure used is the same as that 
used by Dickerson (2) in finding the within-cow regression of milk-fat yield 
on age (liveweight ignored). The present procedure involves fitting a three- 
constant equation to the observations; accordingly, only cows with three or 

Received for publication February 7,1947. 

1 Published with approval of the Director as Paper no. 409, Journal Series, Nebraska 
Agricultural Experiment Station, and with approval of tho Director of the Illinois Sta¬ 
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more lactations are used. The data provide 57 cows, each with 3 or more 
lactations, a total of 231 lactations distributed as follows: 


Lactations 3 4 5 6 7 8 9 

Cows 25 15 11 3 2 0 1 

The following within-eow, within-breed, witliin-herd equations emerge, 
by least squares: 

W 917.4 4 9.822 A - 0.04048 A 2 fa) 

FCM = - 1.69 i (0.0413 dt 0.0045) W \ (0.001 d= 0.022) A (h) 

1,000 FCM/W = 38.30 t (0.0012 rh 0.0032) W (0.004 ± 0.016) A (v) 


1,000 FCM/W ~ 31.00 i (0.245 =t 0.044) A - (0.00142 dt 0.00026) A 2 (d) 

W is liveweight in pounds, the average of three scale weighings en suc¬ 
cessive days within 31 days after calving. This particular stage of lactation 
for the measurement of liveweight is an essential feature of the present 
philosophy. Class units of one pound were used in the computations. 

A is conceptual age of cow at calving in months, reckoned as 10 + birth 
age at calving in months, with all fractions dropped. The record of birth 
age at calving is accurate to a day but class units of one month were used 
in the computations. 

FCM is milk-energy yield for the 8-month partial lectation in pounds of 
4 per cent milk per day. The 8-month (243-day) partial lactation is used 
to avoid complications of advanced pregnancy. FCM is based on milk 
weights at each milking and monthly determinations of fat percentage. 
Class units of 0.1 lb. were used for FCM and 1,000 FCM/W in the compu¬ 
tations. 2 

W, A, FCM, and 1,000 FCM/W are known for each lactation of each cow, 
and the equations deal with these items in the same lactation. For example, 
FCM is related to W of the same lactation, not W of some other lactation. 
The mean and range for the 231 lactations are as follows: 

A A 2 T V FCM 1,000 FCM/W 

Mean 72 5,920 1,385 55.0 40.2 

Range 35-174 1,225-30,27(5 979-1,854 31.9-80.7 25.4-50.4 

DISCUSSION 

Accepting the observations and calculations as of a satisfactory order of 
accuracy, what biological interpretations are warranted by the equations? 

2 FCM = 0.4 x milk 4- 15 x milk fat, all in the same unit of weight. One pound FCM = 
340 kilocalories of milk energy. The correlation between milk-energy yield in calories 
determined by use of direct calorimetry and milk-energy yield in calories estimated by 
use of the FCM formulas is of the order 0.997. If the milk-yield and fat-yield data are 
valid, the estimate of milk-energy yield in terms of 4 per cent milk by the FCM formula 
also is valid. FCM is a technic for estimating milk energy. It is not a correction for 
fat percentage in the same sense that mature equivalent is a correction for age. 
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In the first place the equations are within cow (and, by physical restriction, 
within breed and within herd), which should enhance their biological 
meaning. 

By equation (a) W = 1,212 at A = 35, reaches a maximum of 1,513 at 
A = 121, and then declines to 1,401 at A = 174. (Birth age is approximately 
9.5 months less than A.) Ilolsteins are a large breed and the present 57 
Holsteins are large animals of the breed. The declining phase of equation 

(a) is not very reliable because of a sparse population at values of A beyond 
121. Taken at face value, it may,indicate a lack of condition (fatness) at 
calving at advanced ages. Also, the equation is bound to be affected by the 
individuality of the few cows having lactations at advanced ages. 

Equation (b) expresses FCM as a function of W and A. The coefficient 
of W is nine times as large as its standard error and highly significant in a 
probability sense. On the other hand, the coefficient of A is smaller than its 
standard error, i.c.< it does not differ significantly from zero. According to 
equation (b), an increase of 100 lbs. in liveweight is accompanied by an in¬ 
crease of 4.13 in FCM, independent of age. which is 344 times as great as the 
increase in FCM which accompanies an increase of one year in age, inde¬ 
pendent of liveweight. One pound of liveweight is more potent than 3 years 
in age, by the equation. 

This witliin-cow result is in general agreement with the previous findings 
(1, 3, 4) that milk-energy yield is influenced profoundly by liveweight, inde¬ 
pendent of age, and is substantially unaffected by age, independent of live- 
weight. If these are the true relations, then the system of correcting milk 
yield for age of cow at calving is biologically unsound and should be super¬ 
seded by a system based on liveweight within 31 days after calving. 

The foregoing statement is not intended to deny the statistical validity 
of age correction where W is unknown, because age and liveweight are to 
some extent correlated. In the present study of 231 lactations, the correla¬ 
tion between A and W is 0.48 in total, 0.31 between cows, and 0.62 within 
cow. But this does not alter the biological situation. Age represents time, 
which is required for the organism to attain size (liveweight). The pro¬ 
cedure of equation (b) is to allow' age and liveweight to take their natural 
values and depend on the liveweight and age terms of the equation, adjusted 
by least squares to the observations within cow% to segregate the independent 
influence of age and liveweight. This procedure allows both age and live- 
weight to express themselves in a natural w r ay. If age is restricted to first 
lactations, the range of liveweight is restricted because the animals have not 
had time to grow fully and, of course, the wdthin-cow relationships cannot be 
ascertained at all. 

Equation (c) proceeds to the next logical step, namely, since equation 

(b) indicates that FCM is largely a multiple of W, wdth the other two terms 
of little consequence, FCM/W should be largely independent of both age 
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and liveweight. Equation (c) shows that such is the case. The coefficients 
of W and A are smaller than their respective standard errors. Neither one 
is significantly different from zero. 

Milk-energy yield per 1,000 lbs. liveweight, 1,000 FCM/W, is here re¬ 
garded as a quantitative measure of lactational drive, or the intensity of 
lactation metabolism, on the assumption that lactation metabolism is pro¬ 
portional to milk-energy yield and the amount of protoplasm (work stuff) 
involved in lactation is proportional to liveweight. 3 

FCM/W stands in its own right as a factual measure of lactational drive. 
It is not to be regarded merely, or primarily, as a substitute for age correc¬ 
tion. It is, rather, a direct biological measurement which has no need of 
age correction. Clearly, the lactational-drive philosophy is very different 
from the mature-equivalent philosophy. 

In a similar way FCM/W is not to be regarded as a correction for weight. 
It is, again, a factual biological measurement which has no need of weight 
correction. The evidence substantiating this statement is satisfactory as 
within breed (Holstein or Jersey) but as yet is not conclusive as between 
breeds (Holstein and Jersey). When all the evidence is collected, we may 
find FCM/W is greater for Jerseys than for Holsteins (as FCM/W is unmis¬ 
takably greater for dairy goats than it is for dairy cows). On the other 
hand, FCM/W, as used here, may prove to be a biologically equitable meas¬ 
ure of lactational drive or dairy development between dairy breeds as well 
as within breed. From this standpoint FCM/W should appeal to those 
agencies working with the dairy breeds collectively, as producers of milk. 

Equation (d) requires a slight modification of the discussion under equa¬ 
tion (c). In equation (c), FCM/W is expressed as a linear function of W 
and A, while in equation (d), FCM/W is expressed as a curvilinear function 
of A alone by introducing a term in A 2 . The coefficients of A and A 2 both 
are significant as judged by their standard errors. By equation (d) 1,000 
FCM/W * 37.8 at A * 35, reaches a maximum of 41.6 at A = 86, and then 
declines to 30.6 at A «* 174. As in the case of W in equation (a), the declin¬ 
ing phase is not very reliable and is of little practical importance because of 
the infrequent occurrence of lactations very far advanced on the descending 
limb of the curve. The descending limb is of some theoretical interest as 
indicating senescence in the intensity of lactation metabolism in old age. 

8 Generally speaking, it is permissible to say that the amount of body protein in cows 
of different liveweights is proportional to liveweight. But there is a good deal of assump¬ 
tion in saying that the amount of protoplasm involved in lactation is proportional to W 
as here defined. The assumption is encouraged by the fact that milk-energy'yield is pro¬ 
portional to W in the present data, according to the fitted equations (b) and (c). It must 
be recognised, however,'that W is affected by fatness (a body food reserve available for 
lactation needs) as well as by size in the sense of body dimensions. The problem is com¬ 
plicated. However, the weight of visceral organs need not be a factor of great impor¬ 
tance because the visceral organs have a wide margin of safety above the point of being 
a limiting factor in the amount of lactation. 
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Equation (d) indicates that the regression of FCM/W on age is curvi¬ 
linear and significant in the probability sense. Can the increase of 3.8 in 
1,000 FCM W from the youngest age to age of maximum be ignored? In 
consideration of this question it is of interest to see how age-corrected FCM 
behaves in relation to age in the same 231 lactations. Applying the official 
age-correction factors of the Holstein-Friesian Association to each of the 
231 lactations, the following within-eow equation emerges: 

A-CFCM = 49.76 + (0.260 ± 0.069) A - (0.00154 ± 0.00040) A 2 (e) 

Equation (e) shows that the official age-correction factors do not com¬ 
pletely remove age changes in FCM yield for these 231 lactations. According 
to the equation, age-corrected FCM -- 57.0 at A - 35, increases to 60.8 at 
A = 85, and then decreases to 48.5 at A - 174. Comparison of equations (d) 
and (e) shows that FCM/W is practically as close to being independent of 
age as is age-corrected FCM for these 231 lactations, using the official age- 
correction factors. 

The derivation of age-correction factors has long been a favorite occupa¬ 
tion of investigators engaged with the biometric analysis of milk records. 
Following are two equations derived from the present 231 lactations: 

In total, FCM - 23.26 f 0.7252 A - 0.0033548 A 2 (f) 

Within cow, FCM = 24.42 !- 0.7296 A - 0.0036064 A 2 (g) 

Equation (f), dealing with Die 231 laetations in total (the usual method 
of approach), indicates an age-correction factor of 1.35 for A = 35 (birth 
age 25.5 months,. Equation (g), dealing with lactations within cow (theo¬ 
retically a more refined method of approach), indicates an age-correction 
factor of 1.40 for A - 35. The official factor is 1.25. 

Equation (g) appears to be a better way of deriving the age-vield rela¬ 
tion generalized for the same cow than is the ratio method of Sanders (5), 
but the authors have ho desire to add to the multiplicity of age-correction 
factors now in the literature. Consequently, use of lactational drive, meas¬ 
ured as 1,000 FCM/W which lias no need of age correction (and no need of 
weight correction within breed or probably within species), is advocated. 

SUMMARY AND CONCLUSIONS 

This paper deals with 57 registered Holstein cows in t lie Nebraska Station 
herd at Lincoln, Nebraska, each cow having three or more laetations, a total 
of 231 lactations. Age at calving (A), liveweight within 31 days after 
calving (W), milk-energy yield per day for the 243-day partial lactation 
(FCM), and lactational drive (1,000 FCM/W) are accurately known for 
each lactation of each cow. Various equations have been fitted by least 
squares to the observations, both in tbtal and within cow. The within-cow 
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equations are presumed to give the best insight of the relationships between 
the variables from a biological point of view. 

When FCM is expressed as a linear function of W and A, within cow, 
the coefficient of W is relatively large and highly significant while that of 
A is very small and not significantly different from zero. The constant term 
is very small. The independent effect on FCM of one pound in W is equal 
1o the independent effect of 3.44 years in A. From this witliin-cow result 
it is concluded that for these 231 lactations, dealing with A, W and FCM as 
they actually exist under natural conditions, it is biologically unsound to 
correct yield for age because age has no effect on yield independent of live- 
weight. 

When lactational drive (1,000 FCM W) is expressed as a linear function 
of W and A, the constant term is large and the coefficients of W and A botli 
are small, each being smaller than its own standard error, or neither one is 
significantly different from zero. From this witliin-cow result it is concluded 
that lactational drive (1,000 FCM/W, as defined) is a directly comparable 
measure of dairy development or intensity of lactation metabolism within 
these 231 lactations, being completely independent of both age and live- 
weight. 

From the present within-cow equations, from previous equations, and 
from a metabolic or dynamic point of view, the conclusion is reached that 
lactational drive (as defined) affords a biological common denominator for 
dairy cattle as a whole, with respect to yield of milk. 
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EFFECTS OF HIGH VITAMIN A INTAKE ON MILK AND FAT 
YIELDS AND ON VITAMIN A CONSTITUENTS IN MILK, 
BLOOD, AND LIVERS OF DAIRY COWS 1 

G. II. WI8E and F. W. ATKESON 
Department of Dairy Husbandry 
M. J. CALDWELL, I). B. PARRISH, and J. S. HUGHES 
Department of Chemistry 

Kansas Agricultural Experiment Station, Manhattan 

Recognition of the importance of vitamin A constituents in the diets of 
dairy cattle has resulted in extensive investigation of the effects of various 
vitamin A supplements on the health of the cow and on the properties of 
milk. A summary (2) of reports on the effects of feeding crude cod-liver 
oil and menhaden fish oil to laetating cows indicates that when these oils are 
given in sufficient quantities to augment the vitamin A potency of the milk, 
the percentage of fat is reduced. In recent years the feeding of vitamin A 
supplements such as shark liver oil and vitamin A concentrates has come 
into common use for certain classes of livestock. The addition of these high 
potency vitamin A materials to the diets of cows lias increased, in varying 
degrees, the concentrations of this vitamin in the blood (5, 8, 9, 15), in the 
milk (1, 2, 7, 8, 10, 15, 18, 21), and in the liver (G), but has produced dis¬ 
crepant effects on yields of milk and of fat (1, 2, 7, 8. 10, 15, 18, 21, 23, 24). 

The variability and the diversity of the results reported warranted 
further study of the effects of feeding vitamin A supplements to dairy cows 
maintained in a good state of nutrition. Hence, in an investigation designed 
to ascertain the effects of prolonged supplementation of massive amounts of 
vitamin A on the course of mastitis, additional observations were made on 
the yields of milk, the percentage of fat, and the concentrations of vitamin 
A in the milk, the blood, and the liver. The results from this phase of the- 
investigation are reported herein. 

EXPERIMENTAL PROCEDURES AND RESULTS 

Grouping and Care of Experimental Animals 

Experimental cows. Two comparable groups of dairy cows, the control 
and the supplemented, were used in this trial. The following factors, in 
the order listed, w*ere considered in grouping the cows: breed, mastitic his¬ 
tory, daily milk yields, stages of gestation and lactation, and body -weights. 
Each group at the beginning of the trial consisted of nine mature cows, tw o 
Ayrshires, two Guernseys, and five Holsteins. Six of the cows in each group 
were laetating, being past the stage of peak production but not sufficiently 

Received for publication February 20, 1947. 

1 Contribution no. 165, Department of Dairy Husbandry, and no. 328, Department 
of Chemistr 3 \ 


279 



280 


G. H. WISE, ET AL. 


advanced in gestation to accentuate tlie rate of decline in yield; the remain¬ 
ing three cows, two Ayrshires and a Holstein, were in the early stages of the 
dry rest period, from 44 to 52 days prepartal. These dry cows were included 
to determine the effects of prepartal supplementation on postpartum changes. 

In addition, two non-lactating Ayrshire cows in the last month of gesta¬ 
tion were used to study in detail the effects of level of vitamin A intake on 
the changes in carotenoids and vitamin A of the serum during the terminal 
stages of gestation and early period of lactation. The two cows had prac¬ 
tically the same carotenoid and vitamin A content of the serum before they 
were subjected to experimental conditions. 

Feeding and management. Prior to the initiation of the trial and 
throughout the experimental period of 12 weeks, during the months of 
November, December, and January, all cows of the two groups received a 
standard milking herd ration consisting of a 16 per cent protein concentrate 
mixture, Atlas sorgo silage, and alfalfa hay. The carotenoid content of the 
hay, on the moisture-free basis, ranged from 0.06 mg./g. in the early part 
of the trial to 0.03 mg./g. in the latter. The lactating cows were fed daily 
1 lb. of concentrate mixture for each 4 lbs. of 4 per cent fat-corrected milk, 
20 to 25 lbs. of silage per 1,000 lbs. body weight, and hay ad lib. The dry 
cows were fed daily 8 lbs. of the concentrate mixture per 1,000 lbs. of body 
weight and the roughages, the same as for the lactating cows. In addition 
to the barn feeds, the cows of the two major groups grazed on rye pasture 
30 to 40 days before initiation of the experiment and 16 days following. 

Throughout the experimental period, all cows (both the dry and the 
lactating) in the supplemented group received daily 1,250,000 USP units of 
vitamin A in a powdered medium. 2 Since this vehicle, described as a “soy¬ 
bean oil meal like” product, supplied nutrients in addition to vitamin A, 
the cows of the control group received soybean oil meal in quantities equal 
to the amount of vitamin A supplement fed to the other group. These addi¬ 
tional feeds and supplements Were given once daily in combination with the 
concentrate mixture. Considerable quantities of the vitamin A supple¬ 
mented mixture were refused during the first several days of feeding, but 
after the cows became accustomed to the foreign flavor, no consumption 
difficulties were encountered. 

All cows were subjected to standard herd management, which included 
feeding and milking twice daily, exercise when’ever weather conditions per¬ 
mitted, and free access to water, common salt and hay in the same paddock. 

Yields of Milk and Concentrations of Fat and of 
Vitamin A Constituents 

Milk yields and fat percentages. Detailed records of the milk yields of 
individual cows were made throughout the experimental period. Samples 

* “Dry vitamin A”, having 2,500-2,700 USP units per gram. 
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of milk were collected during two consecutive milkings each week for the 
determination of fai concentration by means of the standard Babcock pro¬ 
cedure. The weekly milk and fat yields of the respective groups were sum- 



TIME, WEEKS 

* TIMES MMI flttSH COWS AODSO 


Fig. 1 . The effect* of dietary supplementation of vitamin A on milk yields and on 
fat percentages. 

marked and subsequently converted to a 4 per cent fat-corrected basis 
according to the Gaines (11) formula. The yields of milk and fat (fig. 
1) revealed no marked differences that could be ascribed to the rations fed. 
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Initiation of vitamin A supplementation during the early stages of the dry 
rest period revealed no advantage in production during the first month of 
lactation. Thus it appears that the daily addition of massive amounts of 
“dry vitamin A” to the dairy ration used in this experiment neither aug¬ 
mented total milk yield nor suppressed the fat percentage of the milk. 

Concentration of carotenoids and vitamin A in the milk fat . During the 
terminal week of the experiment, a 1-day composite sample of milk was col¬ 
lected from each of seven individual cows in the respective groups for assays 
of carotenoids and vitamin A. (Milk from two pairs of cows was excluded 
because of mastitis complications.) 

The analytical method employed was a modification of the double extrac¬ 
tion procedure of Boyer et al. (4). A total of 70 ml. of ether was used in 
extracting vitamin A and carotenoids, and the volumes of wash solutions 
were adjusted accordingly. The washed solution of extracted vitamin A 


TABLE 1 

•Average concentrations of vitamin A and carotenoids in the milk fat of cows on 
different levels of vitamin A intake 


Daily supplement 
of vitamin A 

Breed of 
cows 

No. of 
cows 

Vit. A and carotenoids of milk fat 

Vitamin A 

Carotenoids 

None 

A 

Guernsey 

Holstein 

Ayrshire 

o 

3 

2 

y/0- 

6.4 

7.3 

7.8 

y'9- 

5.8 

3.4 

4.1 

1,250,000 

USP units 

Guernsey 

Holstein 

Ayrshire 

2 

3 

2 

24.1 

30.5 

36.1 

2.5 

4.1 

1.9 


and carotenoids was dried by means of anhydrous sodium sulphate, and the 
ether was removed from the extract by suction while heating in a water bath 
at 50-60° C. The residue was dissolved in 15 ml. of Skellysolve B. A 
10-ml. aliquot was used for the final determination of carotenoids and of 
vitamin A. Shaking the ether solution with 5 ml. of a saturated solution 
of sodium chloride, as outlined in the original method, was omitted. Photo¬ 
metric measurements were made on a Coleman spectrophotometer, model 11, 
modified to reduce light intensity. Since the fat percentage in the samples 
was variable, the carotenoid and the vitamin A values were expressed as 
concentration per unit of milk fat. 

The average, by breeds, of vitamin A in the milk fat from supplemented 
cows was approximately four times higher than that from the control cows. 
The carotenoids throughout were low, but, in accord with other reports (2, 
8,9,10,15), tended to be lower in the milk fat from vitamin A supplemented 
cows. There was, however, an exception in the case of two of the three pairs 
of cows of the Holstein breed; hence the average for this breed did not reveal 







EFFECTS OF HIGH VITAMIN A INTAKE 


283 


the reduction (table 1). Since preliminary assays were not made, indi¬ 
vidual differences could account for these exceptions. 

Concentration of Carotenoids and Vitamin A in Blood Serum 

Total carotenoids and vitamin A were measured in the serum of venous 
blood. Since the cows were on a high carotenoid intake during the early 
stages of the experiment, the non-saponification method of Boyer et al. (3) 
was chosen in lieu of the more generally used Kimble (16) procedure, which 
is recognized to be inaccurate for vitamin A measurements in the presence 
of high concentrations of carotenoids (15). Though the non-saponification 
method of Boyer et al. (3) apparently is unsuitable for dog blood, which is 
presumed to be high in the ester form of vitamin A, this procedure was 
reported to be applicable to normal bovine blood. 

TABLE 2 


Avrrat/c concentrations of vitamin A and carotenoids in the blood serum of 
cows on different levels of vitamin A intake 


Daily 

Breed of 
cows 

No. 

Vitamin A and carotenoids in serum* 

supplement 

of 

of 

Dec. 11 

-26,1944 

Jan. 22- 

-26,1945 

vitamin A 


cows 

Vitamin A 

Carotenoids 

Vitamin A 

Carotenoids 


Guernsey 

o 

Y /100 ml. 
23 2 

y/ 100 ml. 
1007 | 

y/100ml. 

22.8 

y/lOOml. 

487 

None 

Holstein 

5 

20.2 

617 

18.6 

385 


Ayrshire 

2 

8.7 f , 

279t j 

21.6 

340 

1.250,000 
I’SP units 

Guernsey 

o 

23.5 

501 

27.1 

239 

Holstein 

5 

20.0 

310 

24.6 

177 

Ayrshire 

o 

23.61 

2341 

33.9 

245 


* Borer <t al. (3) non-saponification procedure, 
t One week postpartum. 


Effect of the diet on the concentration of vitamin A and carotenoids in 
the blood serum . The carotenoid and the vitamin A values in table 2 are 
averages of assays of blood serum samples collected from individual cows 
of the three breeds in the respective groups. The first period of collection, 
a span of 14 days, was 6 weeks after the initiation of the trial and approxi¬ 
mately 1 month after discontinuing rye pasture; the second period of 7 days 
was 1 month later, near the termination of the trial. 

The vitamin A content of the blood serum of the supplemented cows was 
higher than in the controls, but the carotenoid values were lower. The 
magnitude of the difference in vitamin A concentration tended to vary with 
breeds, being least in the Guernsey and greatest in the Ayrshire. 

The concentration of carotenoids in the serum from the Guernsey and 
the Holstein breeds decreased from the first period to the second, but the 
vitamin A values showed no significant changes. This marked decline of 
the carotenoids probably was due to the continued reduction of reserves fol- 
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lowing removal from rye pasture and to a decrease in the carotene content 
of the hay consumed. Though the Ayrshires were subjected to the same 
dietary regime as the other two breeds, the vitamin A was low during the 
first period as a result of a reduction associated with parturition (5,17, 22). 
With postpartum physiological readjustments, the vitamin A concentration 
increased to a decidedly higher level, whereas the carotenoids changed very 
little. 

Relation of the analytical procedure to vitamin A values of serum. Since 
the differences in vitamin A concentration in the serum from cows of the 
respective groups were not of the magnitude observed in similar experiments 
by other investigators (9, 15), the non-saponification procedure of Boyer 
et al . (3), by which the values in table 2 were obtained, was compared with 

TABLE 3 


Comparison of methods of determining vitamin A in the serum of cows on 
different levels of vitamin A intake 


Daily 

supplement 
of vitamin A 

Breed of 

No. of 

Vitamin A values by different methods 

cows 

cows 

Kimble 

Boyer et al* 

Difference 




y/lOOml. 

y/100ml. 

Y /100ml. 




22.6 

21.5 

1.1 

None 




18.7 

2.0 


Ayrshire 



18.1 

2.4 


Av. 


21.4 

19.6 

1.8 

1,250,000 

USP units 

Guernsey 

2 

29.7 

23.7 

6.0 

Holstein 

Ayrshire 

1 

2 

39.6 

45.1 

30.5 

32.9 

9.1 

! 12.2 


Av. 

5 

37.8 

28.8 

9.0 


* Non-saponification method. 


the Kimble (16) method. The comparison was made near the termination 
of the trial when the carotenoid content of the blood serum was sufficiently 
low to minimize interference. 

The Kimble (16) procedure yielded higher values throughout than did 
the non-saponification method of Boyer et al. (3), but the average difference 
was greater in the vitamin A supplemented group, 31.3 per cent, than in the 
non-supplemented group, 9.2 per cent (table 3). Further comparisons of 
the results revealed that the average values for the supplemented cows were 
76.6 per cent higher by Kimble but only 46.9 per cent higher by Boyer et al. 
The lower values by the non-saponification method of Boyer et al., particu¬ 
larly in serum from cows receiving dietary vitamin A, suggested that either 
this procedure failed to include all the vitamin A or the Kimble method 
yielded excessively high values. Recent observations (19) indicate that as 
the vitamin A content of serum increases from vitamin A feeding, the values 
obtained by the non-saponification procedure of Boyer et al. tend to be too 
low. In view of this, it is probable that the total vitamin A in the serum of 
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the cows receiving the vitamin A supplemented ration was nearer the level 
indicated by the Kimble method than that by the Boyer et al. This phase 
of the problem is being investigated further. 



TIME, DAYS 

• VITAMIN A SUPPLEMENTATION DISCONTINUED 

Fig. 2. The effect of prepartal dietary supplementation of vitamin A on the carote¬ 
noid and the vitamin A concentration in the blood serum of the dairy cow during the 
stages of terminal gestation and initial lactation. 

A preferable method would have been the saponification procedure out¬ 
lined by Boyer et al. (3), but early attempts to apply it yielded spurious 
results. Subsequent investigation revealed that the difficulty was due to a 
contaminant, presumably aldehyde (12), in the alcohol used. 

Effect of prepartal vitamin A intake on the changes of carotenoids and 
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vitamin A in the serum of the parturient cow. As suggested by the average 
vitamin A values in the serum from cows of the Ayrshire breed (table 2), 
the vitamin A supplementation did not prevent the usual gestational reduc¬ 
tion but did maintain a higher level than observed in the control cows. This 
is illustrated further (fig. 2) by the prepartum and the postpartum changes 
in the blood serum of an Ayrshire cow from each of the two dietary groups, 
control and vitamin A supplemented. Though the two cows selected had 
about the same carotenoid and vitamin A levels prior to supplementation, 
dietary vitamin A increased the vitamin A of the blood serum but reduced 
the carotenoids, as measured by the Kimble method (16) of analysis. The 
curves, on a semi-logarithmic scale, show that in both animals the prepartum 
rate of vitamin A decline was more pronounced than that, of the carotenoids. 
The drop of vitamin A, however, was more precipitous in the serum of the 
cow receiving vitamin A. A temporary rise in the concentration of vitamin 
A was noted in both cows the day following parturition. Further data (19) 
indicate that this phenomenon also is common in other cows, but the fre¬ 
quency of occurrence is unknown and the factors involved are obscure. The 
minimum postpartum concentration usually occurred about the third day 
unless complicated by infections (5). Whether or not continued postpartum 
supplementation would have accelerated the rate of recovery when adequate 
liver stores were available is problematical. 

Concentration of Vitamin A in the Livers and in the Serum 
of Cows Slaughtered 

Livers were salvaged from seven cows to determine the effect of vitamin 
A intake on storage. During the week prior to slaughtering, blood samples 
were collected for vitamin A determinations. The assay procedure for livers 
was a slight modification (25) of the Guilbert and Hart (13) method, and 
for blood serum the non-saponification procedure of Boyer et al. (3) was 
used. With the exception of one animal, no. 169, vitamin A supplementa¬ 
tion was continued to within 24 hours of slaughtering. 

When an abundance of vitamin A was present in the daily ration, the 
cows accumulated pronounced liver reserves of this vitamin, approximately 
four times the amount detected in the livers of cows on unfortified rations 
(table 4). Though several of the livers had isolated abscesses, this patho¬ 
logical condition apparently did not interfere with vitamin A storage. If 
it is assumed that prior to cessation of supplementation the liver reserves 
of cow no. 169 had reached the same general level as in the other cows of her 
group, the rate of depletion of vitamin A stores was rapid. The vitamin A 
concentration in the serum from the individual cows revealed, in accord 
with the report of Braun (6), no correlation between the liver reserves and 
the levels in the blood serum. 
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TABLE 4 


Concentrations of vitamin A in the livers and in the serum of cows on 
different levels of vitamin A intake 


Daily 
supple¬ 
ment 

Breed 

of 

Herd 

wt. 

of 

Vitamin A 

Remarks 

of 

vitamin 

A 

cows 

no. 

liver 

Liver 

Serum 





Y /9* 

y/ 100 ml. 



Holstein 

104 A 

8.2 

150 

26.4 

Non-breeder. Healthy 
liver. 

None 

Ayrshire 

ooo ^ 

7.o 

142 

23.4 

Brucellosis reactor. 
Healthy liver. 


Jersey 

332A 

3.2 

138 

19.3 

Brucellosis reactor. 
Healthy liver. 


Holstein 

114 

9.5 

600 

28.8 

Non-breeder. Mast it it*. 
Abscesses in liver. 


Holstein 

1(51 

8.(5 

733 

23.8 

Mastitic. Healthy 
liver. 

l,25n,000 
USD units 

Holstein 

169 

1 

8.9 

421 

! 

27.2 

I 

Vitamin A withheld 

20 days preceding 
slaughter. Mastitic. 
Abscesses in liver. 


Holstein 

1 7.'! t 

I 

9.8 j 

8(57 

23.2 

Mastitic. Malignant 
growths in carcass. 


* Wet basis. 


DISCUSSION 

The data presented on milk and milk fat confirm reports by other investi¬ 
gators (2. 10, If), 18, 21) indicating that production is not stimulated by 
vitamin A supplementation when the lactating cows are in a good state of 
nutrition. Probably when favorable responses are elicited by vitamin A 
feeding (1, 7, 8, 23, 24) either this vitamin per sc or some other nutrient for 
which an increased level of vitamin A tends to compensate is the limiting 
factor. The apparent adequacy of rations for lactating cows at any par¬ 
ticular time may be misleading unless cognizance is taken of their nutri¬ 
tional history, productive capacity, and feed consumption. Wilson (24) 
suggested that access to good quality roughages high in carotene does not 
insure adequate intake, particularly by high producing cows that have much 
of their feed capacity utilized by rations low in vitamin A active substances. 
It is conceivable that in many herds a slight submarginal deficiency of vita¬ 
min A may prevail as a result of unrecognized depletion. In these cases a 
favorable production response to vitamin A feeding would be expected. 

Since 4 * dry vitamin A M supplementation did not depress the milk fat 
percentage, as is observed commonly when cod-liver oil is fed, it is probable 
that the nnsaturated fatty acids that are believed to cause the toxic reaction 
were not preseut in sufficient amounts to affect the mammary function. This 
indicates that the vitamin A concentrate used in this investigation may be 
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fed in Sufficient quantities to increase the vitamin A potency of the milk 
without adversely affecting the fat content. 

The observed increases in the vitamin A potency of the milk from dietary 
supplementation are in accord with the findings of others (1, 2, 7, 8, 9, 10, 
15, 18, 21, 24). This means of fortifying milk, however, is uneconomical 
since the efficiency of secretion of ingested vitamin A is exceptionally low 
(8, 9,15). Moreover, the concomitant reduction of carotene with increases 
in vitamin A (2, 8, 9,10,15) suggests that dietary vitamin A possibly reduces 
the nutritional value of carotenoids in the ration, thus presenting a pro¬ 
vocative problem. 

The interference of carotenoid metabolism has been ascribed to vitamin 
A per se rather than to other associated constituents (9, 20). Several pos¬ 
sible explanations of this phenomenon have been presented. According to 
Hickman (14), “ in vitro experiments show that vitamin A is a specific pro- 
oxidant for beta-carotene, lycopene, and probably zeaxanthin.” Data sup¬ 
plementary to those already presented showed that the carotenoid concen-. 
tration in a composite sample of feces from cows on a standard ration was 
approximately the same as in a similar sample from vitamin A supplemented 
cows. The vitamin A content of the feces from the latter group, however, 
was about 60 per cent higher. Either vitamin A was not a factor affecting 
the carotenoids in the bowel or it simultaneously suppressed absorption and 
accelerated oxidation. Recent studies (20) with chickens revealed retarded 
pigmentation of the shanks after cessation of vitamin A supplementation. 
Deuel et al. (9) noted a similar post-supplementation lag in recovery of 
carotenoid levels in dairy cows. The foregoing observations indicate that 
the carotenoid suppression is not exclusively an intestinal phenomenon. 

A further explanation advanced by Deuel et al. (9) is that increases of 
vitamin A accelerate the destruction of carotenoids in the tissues through 
the development of a new enzyme system. It was suggested also that this 
enzyme system may destroy titamin A. If this proves to be correct, feed¬ 
ing massive amounts of vitamin A over a prolonged period may be detri¬ 
mental to the organism instead of beneficial. 

Another viewpoint is that vitamin A may aid in the conversion qf certain 
carotenoids to this vitamin, thus enhancing the accumulation of a maximum 
reserve. If it is assumed further that the capacity for storage in the body 
is limited, the suggested reduction of vitamin A (20) might be an accel¬ 
erated elimination after the threshold is reached instead of a process of 
systemic destruction. 

Though a decline of carotenoids and vitamin A of the blood seems to be 
a normal accompaniment of parturition (17, 22), the specific causes of this 
depression are obscure. A drop occurs regardless of the prepartal intake, 
but Kuhlman and Gallup (17) observed that the percentage decrease of 
carotene was related directly to its level in the plasma. This, as indicated 
by data reported herein, seems to apply to vitamin A levels also. 
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Attempts to associate these changes of carotenoid and vitamin A con¬ 
centrations of the blood with mammary function have yielded negative 
results. Although the secretion of colostrum withdraws vast amounts of 
nutrients from the blood, Sutton et al. (22) found no statistical correlation 
between levels of carotene and vitamin A of plasma and the output of these 
constituents in colostrum. Braun (5) reported that a temporary reduction 
of vitamin A occurred when cows aborted, under which conditions colostrum 
secretion would be negligible. Similar reductions of carotenoids and vita¬ 
min A were observed in a mammectomixed cow following premature calving 
(26). As suggested by Sutton et al. (22), many factors and complex inter¬ 
relationships may be involved. Investigation of the endocrinological aspects 
of the problems may aid in clarification. 

The regulatory role of the liver in maintaining vitamin A concentrations 
in the blood, particularly in advanced gestation and early lactation, has not 
been elucidated. The reserves in this organ-apparently are not a limiting 
faetor except" at subnormal storage levels. The changes in the vitamin A 
concentrations of the liver during this critical transitory period in the repro¬ 
ductive cycle merit study. 

The amount of vitamin A in the livers of cows can be modified, as noted 
by others (6, 13), by dietary means. Data presented by Braun (6) sug¬ 
gested an optimum level for storage in this organ, but a comparison of his 
results with those reported herein indicates a wide margin between the 
optimum and the possible maximum levels attainable. Though the concen¬ 
trations in the livers of the supplemented cows were at a uniformly high 
level, this does not indicate that the maximum was attained. Present infor¬ 
mation on the subject raises the question of whether or not the maximum 
attainable concentration of vitamin A in the liver is the same from caro¬ 
tenoid feeding as from vitamin A supplementation. 

Most nutritional studies with dairy cattle have been directed toward 
determinations of effects of deficiencies and the establishment of minimum 
requirements. The results of this study suggest the need for considering 
the results from optimum and/or excess quantities of nutrients in the diet. 

summary 

The effects of daily supplementary feeding of 1,250,000 USP units of 
vitamin A in the form of a dry concentrate (“dry vitamin A”) to individual 
lactating cows over a period of 3 months were compared with the results 
from similar cows on a standard dietary regime. The following conclusions 
were reached: 

1. Vitamin A feeding had no significant effect on total milk and fat 
production. 

2. The “dry vitamin A” concentrate did not depress the milk fat 
percentage. 
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3. The high intake of vitamin A increased the concentration of this 
vitamin markedly in the milk fat but tended to suppress the carotenoid 
content. 

4. Prolonged dietary supplementation of vitamin A increased the level 
of this vitamin in the blood serum but reduced the carotenoid values. The 
apparent magnitude of the vitamin A values varied with the analytical 
procedure used in the assay. 

5. Supplemental feeding of vitamin A throughout the terminal stages 
of gestation did not prevent the characteristic declines at parturition but 
did maintain a higher level at this period than observed in non-supplemented 
cows. 

6. The differences in vitamin A intake were reflected in the concentra¬ 
tions of vitamin A in the liver. There was no evidence of a correlation 
between vitamin A levels in the blood and in the liver of any of the cows 
that were slaughtered. 

The authors are grateful to Distillation Products, Inc., Rochester, New 
York, for supplying the vitamin A supplements (“dry vitamin A”), and 
to John Morrell and Company, Topeka, Kansas, for their cooperation and 
assistance in obtaining liver samples. 
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COBALT IN COWS’ MILK 1 


J. G. ARCHIBALD 

Massachusetts Agricultural Experiment Station, Amherst 

In continuation of a comprehensive project on the minerals of cows’ milk, 
three reports on which have been published (1, 2, 3), the effect of feeding 
eobaltous acetate on the cobalt content of milk has been investigated. The 
feeding trials were conducted during the winter of 1943-44, but because of 
difficulty in finding a sufficiently sensitive method for the determination of 
extremely minute amounts of cobalt, the analytical work has been completed 
only recently. 

Comparatively little information is recorded regarding the cobalt content 
of milk. Probably because of the difficulties of analysis, some of the earlier 
investigators (5, 7, 8, 13, 14) either do not report cobalt as a constituent of 
milk or else claim it to be absent, although one pair of workers (7) notes that 
* ‘ the complete absence of cobalt is somewhat unexpected, for it is an element 
with active biological properties.” In 1933, Stare and Elvehjem (10) con¬ 
cluded that the cobalt content of milk is less than 0.01 msr. per 100 g. (100 pg. 
per liter of milk). By 1938. methods had been sufficiently refined so that 
Underwood and Elvehjem (12) report a range of 8-18 pg. per liter with an 
average of 11 p". The most recent value noted is that given by Ellis and 
Thompson (9) in 1945, who report 0.64 pg. per liter. Other values recorded 
range from 1 pg. per liter (11) to 10-15 pg. per liter (5). 

Data relative to the influence of the amount of cobalt in the feed on the 
cobalt content, of milk are limited. In 1942. Askew (4) reported that cows 
having access to cobaltized salt licks produced milk containing 0.020-0.022 
p.p.m. (20-22 /ig./I.) of cobalt, as compared to 0.010-0.015 p.p.m. (10-15 
pg/1.) in the milk of control animals. In the light of recent refinements of 
method, these values are probably too high, but the relative relationship is 
of interest. Comar et al. (6) noted a very small, unspecified amount of 
cobalt in milk when the radioactive element was introduced into tlie blood 
stream of cows. However, when it was introduced directly into the rumen, 
cobalt was not detected in the milk. 

EXPERIMENTAL 

The procedure was similar to that described in an earlier paper (1). 
Eight cows were divided into two groups of four each, each group consisting 
of an Ayrshire, a Guernsey, a Holstein, and a milking Shorthorn. Three of 
the breed pairs were matched with respect to stage of lactation, none being 
beyond the 12th week in lactation when the trial was started. The fourth 
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pair (the Shorthorns) were in the 8th and 18th week of lactation, respec¬ 
tively, at the start, a matched pair not being available. One group received 
the supplement during December and January; the other group received it 
during February and March. The amount of cobaltous acetate fed was 500 
mg. daily or the approximate equivalent of 120 mg. of elemental cobalt. 
Except for the feeding of the supplement, the rations and management of 
the two groups w r erq identical. 

Composite 2-day milk samples of two liters each were taken from each 
cow once a month. Cobalt was determined in triplicate on 500-ml. portions 
of each sample by the method of Ellis and Thompson (9), using the alternate 
carbamate extraction procedure. This method, although requiring much 
preliminary procedure in the purification of reagents, extreme precautions 
in technique and the scrupulous cleaning of glassware in order to avoid con¬ 
tamination, proved to be very satisfactory. The standard curve for cobalt 
established at the start was checked twice throughout the course of the work 
and was found to give good agreement; recovery of added amounts of cobalt 
ranged from 97 to 104 per cent of theory. A Model 11 Coleman spectro¬ 
photometer w r as used at a wave length of 345 millimicrons with filter PC6 
and absorption tubes 50 mm. long and 10 mm. in diameter, with a capacity 
of approximately 3 ml. Final volume of the unknown solution was usually 
between 4 and 5 ml. A continuous glass still for production of double dis¬ 
tilled water is a prerequisite for this type of work. 

Previous to adoption of this method an older method which makes use of 
nitroso-R salt as the specific reagent for cobalt was given extensive trial, 
but proved quite unsuited to the purpose. Spectrographic analysis also was 
tried but was abandoned when it failed to reveal the presence of cobalt in 
dilutions of the magnitude anticipated. At already noted, other investi¬ 
gators (5, 13) also have been unable to identify cobalt in milk ash by means 
of the spectrograph. 

RESULTS 

The values obtained are summarized in table 1. The amount of cobalt 
occurring naturally in these milks averaged about 0.6 /ig. per liter, w r ith a 
range from 0.2 to 1.14 ^g. These values are of the same order of magnitude 
as those reported by Ellis and Thompson (9) and Sylvester and Lampitt 
(11). There was some tendency for the amount of cobalt in the control 
milks to diminish as the season advanced. A similar tendency was noted in 
earlier work on manganese (1). The question raised at that time regarding 
that element appropriately may be raised with respect to cobalt, viz.: Does 
this mean that possibly, during the pasture season, cows store a reserve of 
the element which tends to become depleted as the winter season on dry feed 
proceeds? 

Without exception, the milk from a cow receiving supplemental cobalt 
was higher in the element than the milk from her breed mate not receiving* 



TABLE 1 

Effect on cobalt content of the milk of fetdinq cows cobaltous acetate 
(Micrograms of cobalt per liter of milk) 
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in two successive months, the results are included in the average. 
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it. The increase ranged from less than two-fold (1.7—Holsteins—Decem¬ 
ber) to twenty-five-fold (Shorthorns—March). As noted in the table, the 
latter value may be questioned. Of more interest is the average increase 
which was four-fold, a value which is highly significant statistically. 

Although some variations between breeds are evident, the only consistent 
differences are the relatively low values for cobalt in Holstein milk, both 
when the cows were on the control ration and when they were receiving the 
supplement. 

The obvious possible significance of these results lies in their application 
to calf nutrition. In our experience, young stock have shown greater sus¬ 
ceptibility to the nutritional anemia which is characteristic of cobalt defi¬ 
ciency than have older cattle. In the light of these results it w’ould seem 
that in areas where cobalt deficiency is common, the requirements of calves 
for this element might most naturally and logically be supplied through the 
milk of cows whose rations have been fortified with supplemental cobalt. 
Since many of our feed manufacturers now include cobalt regularly in the 
formulation of ready mixed rations for dairy cows, the use of such rations 
would tend to automatically supply the needs of the young calf for cobalt. 
Under ordinary circumstances the calf’s requirements for cobalt may not be 
met since some of the control milks in this investigation contained less cobalt 
than was found in the drinking water supplied to the cows (0.21 jug./l. as 
compared with 0.26 ftg./l.). 


SUMMARY 

Cobaltous acetate was fed as a supplement (500 mg. daily) to the rations 
of eight cows for a period of 2 months by the double reversal method and 
the milk was analyzed for cobalt. The results revealed that feeding the 
supplement consistently raised the amount of cobalt in the milk. The aver¬ 
age increase was four-fold. The milk from cows receiving the supplement 
averaged 2.4 /ug. of cobalt per liter in contrast with 6.6 /ig. per liter when the 
cows were on the control ration. The possible significance of the results is 
discussed briefly; 

Acknowledgment is made of valuable help and suggestions from Drs. 
K. C. Beeson and G. H. Ellis of the United States Plant, Soil, and Nutrition 
Laboratory, Ithaca, N. Y., in connection with the search for a satisfactory 
method for determining such extremely small amounts of cobalt. 
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THE NUTRITIVE VALUE OP FRACTIONS OP BUTTERPAT 
PREPARED BY COLD CRYSTALLIZATION 1 

B. P. GEYEB, B. B. GEYEB, P. H. DERSE, H. NATH,* V. H. BABKI, 

C. A. ELVEHJEM, and E. B. HART 

Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison 

In past work the following methods have been employed to concentrate 
and characterize the factor(s) in butterfat responsible for its superior nutri¬ 
tive value as compared with corn oil: lead soap separation and steam distil¬ 
lation of butterfat fatty acids (2, 10), fractional distillation of the methyl 
esters of butterfat fatty acids (5), and chromatographic procedures (3). 
Since many of these require conditions conducive to chemical changes, cold 
crystallization of an acetone solution of butterfat was selected as a pro¬ 
cedure most likely to yield fractions which had undergone little chemical 
transformation. 

Henry ct al. (7) reported the nutritive value of three fractions of butter¬ 
fat prepared by cold crystallization from an acetone solution of 0° C. Two 
of these products with iodine numbers of 19 and 47 were fed to rats in a 
skimmed milk ration. The rate of growth was best on the diet containing 
the liquid fraction, but the authors stated that the small differences in gains 
between groups were without statistical significance. In 1946 Jack et al. 
(8) published the results on the nutritive value of five different fractions of 
butterfat prepared by low-temperature crystallization from hexane. Succes¬ 
sive temperatures of - 7, -13. - 23, and - 53° C. were used, and in each case 
the precipitate was removed. The final filtrate was concentrated and yielded 
the fifth fraction. To test the effect of solvent treatment on the nutritive 
value of the fat, butterfat was dissolved in hexane and the solvent removed 
by distillation. The fractions as well as the treated and untreated butterfat 
were incorporated into a synthetic type ration and fed to groups of rats. 
The poorest gain was made by the animals receiving the -7° C. precipitate 
(m.p. 53° C.) and the best gain was made by the animals fed either the un¬ 
treated butterfat or the - 53° 0. filtrate rations. The solvent-treated butter¬ 
fat proved to be definitely inferior to the untreated fat. 
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* Published with the approval of the Director of the Wisconsin Agricultural Experi¬ 
ment Station. 

This work was supported in part liy funds granted by the National Dairy Council, 
Chicago, on behalf of the American Dairy Association; by funds granted by the Evapo¬ 
rated Milk Association, Chicago; also by funds from the Wisconsin Alumni Research 
Foundation. 

We are indebted to Merck and Co., Inc., Rahway, New Jersey, for supplies of some 
of the synthetic B vitamins and a-toeopherol. 

* Government of India Research Fellow. 

2fl» 



300 


R. P. GEYER, ET AL. 


The experiments described in the present paper concern the application 
of cold crystallization to samples of bntterfat obtained at various times 
throughout the year. The nutritive value and some chemical and physical 
constants of the fractions prepared are reported. 

EXPERIMENTAL 

The butterfat used in these experiments was prepared by decantation 
and filtration of melted (65° C.) unsalted sweet cream butter obtained from 
the University Creamery. The acetone was redistilled in an all glass still 
from calcium chloride before being used. One kilogram of melted butterfat 
was dissolved in 10 liters of acetone, and after being thoroughly stirred, the 
solution was cooled to -4° C. and kept at this temperature for 24 hours. 
Filtration of the yellow supernatant liquid from the white granular pre¬ 
cipitate was accomplished by means of a submerged pressure filter. The pre¬ 
cipitate was recrystallized twice from 5 liters of acetone at -4° 0. The 
filtrates were combined and concentrated under partial vacuum, using a 
nitrogen ebullition tube. The temperature was kept below 20° C. except 
during the removal of final traces of solvent, when more heat was applied 
and a vigorous stream of nitrogen was used. The residue was reinforced 
with the proper amounts of the fat-soluble vitamins and then was stored at 
-6° C. This preparation was designated as butterfat fraction 2 (BF-2). 
The solid fraction remaining after the recrystullizations was freed of solvent 
and w r as vitaminized and stored at - 6° C. This product was designated as 
butterfat fraction 1 (BF~1). The butterfat used in Expt. 1 was obtained 
in September, 1945; the fractions made at that time were stored for a number 
of w r eeks before use. Melting points w^ere determined by a modified Wiley 
method and iodine numbers by the Hanus method. To eliminate the possible 
effect that the acetone treatment might have on the nutritive value of the fat 
fractions, a sample of butterfat w>as dissolved in acetone and after several 
hours the solvent w r as removed as described above. 

Corn oil 8 was separated into two fractions in the following manner: 1 kg. 
of corn oil ‘was dissolved in 5 liters of Skellvsolve A and the mixture was 
cooled to -45° C. by use of an acetone-dry ice bath. After 5 hours at this 
temperature filtration was accomplished by means of the submerged filter. 
Because of the “waxy M nature of the precipitate some difficulty was encoun¬ 
tered at this stage. Two recrystallizations of the solid material were made 
from 2,500-ml. portions of solvent at -45° C. The filtrates were combined, 
concentrated and vitaminized as previously described, and were designated 
corn oil fraction 2 (CO-2). Similar treatment of the solid product yielded 
corn oil fraction 1 (CO-1). A sample of corn oil was dissolved in the sol¬ 
vent and then freed of it after several hours to give a solvent-treated corn 
oil (CO-S). 

8 Mazola brand. Corn Products Refining Co. 
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Groups of six male weanling rats of the Sprague-Dawley strain weighing 
40-45 g. were placed on rations containing each of the following fats: butter* 
fat (BP), corn oil (CO), solvent-treated butterfat (BF-S), sol vent-treated 
corn oil (CO-S), and the fractions BP-1, BF-2, CO-1, or CO-2. The basal 
ration consisted of: 


Casein (alcohol extracted )* 

20 % 

Fat 

28% 

Sucrose 

48% 

Salts IV (7) 

4% 

Vitamins per 100 g. of ration: 
Thiamine 

200 gamma 

Riboflavin 

300 gAmma 

Pyridoxine 

300 gamma 

Ca pantothenate 

1500 gamma 

Choline hydrochloride 

100 mg. 

(3-Carotene 5 

560 gamma 

a-Toeopherol 

2240 gamma 

Calciferol" 

14 gamma 

2-metl»yM ,4-napbthocjuinone 

210 gamma 


Food consumption was unrestricted. Weekly weight records were kept 
over a 6-week period, and the results are given in table 1. Because of a 
marked difference in the appearance of the feces of the rats fed the two fat 
fractions, feces were collected from each group and analyzed for total fat, 
ash, and bound fatty acids. The latter determination was carried out by 
warming the ether-extracted feces with dilute IICl (1:4) for 30 minutes and 
extracting again with ether. The following results were obtained 1 


Description of feces 


Group 

! (.’olor 

t 

% Ash 

i 

! % Neutral fat 

I. 

% Bound fatty 
acids 

BF-1 

j White 

15.3 

! 7,8 

66.7 

BF-2 

, Black 

24.7 

! 15.5 

32.4 

BF 

1 Mixed 

17.S 

; 11.0 

50.8 

! 


Because of the rapid rate of growth of the animals fed the BP-2 ration, 
studies were undertaken to investigate this phenomenon further. Fractions 
similar to those used in Expt. 1 were prepared using butterfat made from 
butter of December, 1945, and from February, June, July, and September 
of 1946. In all cases the butter was obtained directly after churning, and 
the fractionations and animal feeding trials were made without delay. In 
addition, butter obtained from the Quartermaster Corps of the Army and 
rated by them as June, 1945, also was tested. In a few instances additional 
* Extracted for three 2-hour periods with boiling alcohol. 

5 90 per cent fj-carotene and 10 per cent ex-carotene. 

8 Crystalline irradiated ergosterol. 
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fractions were prepared. The nutritional value of these fats and their frac¬ 
tions was tested by incorporating them in the basal diet used in Expt. 1 and 

TABLE 1 


Mesults of cold crystallization experiments 
(Each figure represents the average of six rats) 


Expt. no. 

Group 

Description of fat 
portion 

m.p. 

°C. 

Iodino 

no. 

(Hanus) 

Av. 

gain 

4 wks. 

6 wks. 






(ff-) 

Of) 

1 

BF* 

Sept., 1945 

34.0 

33 

101 

158 


BF-S 

Acetone treated 

34.0 

33 

97 

146 

Sept., 1945 

BF-1 

- 4° C. ppt. 

42.1 

27 

50 

86 


BF-2 

- 4° C. filtrate 

8.0 

47 

139 

204 


CO* 

Mazola 


114 

88 

121 


CO-8 

Skellysolve A treated 


114 

86 

125 


CO-1 

- 45° C. ppt. 


109 

88 

122 


CO-2 

-45° C. filtrate 


121 

85 

116 

2 

BF 

Dec., 1945 



112 

163 


BF-1 

- 4° C. ppt. 

42.5 


90 


Dec., 1945 

BF-2 

- 4° C. filtrate 

7.6 


117 

171 

3 

BF 

Feb., 1946 

34.1 


129 



BF-S 

Acetone treated 

34.0 


123 


Feb., 1946 

BF-1 

- 4° C. ppt. 

41.9 


116 



BF-2 

- 4° C. filtrate 

7.5 


124 



BF-ln 

7° C. ppt. 

47.1 

11 

67 



BF-2a 

- 4° C. ppt. minus f rac- 







tion BIMa 

28.0 

17 

108 

i 


BF-3a 

Combined filtrates from 




| 



la and 2a 

7 ° 

49 

113 


4 

BF-M 

March, 1946 



126 



BF-J 

J une, 1946 

33.0 


120 


June, 1946 

BF-l-J 

- 5.5° C. ppt. 

43.8 


109 



BF-2-J 

-5.5° C. filtrate 

9.9 


129 


5 

BF 

July, 1946 



| 328 

189 


BF-1 

- 5.5° C. ppt. 



104 

153 

July, 1946 

BF-2 

- 5.5° C. filtrate 



125 

186 


BF-3 

-5.5° C, filtrate minus 







the recrystallization 







filtrates from BF-1 



127 

188 

6 


Sept., 1946 



101 . 

173 



- 5.5° C. ppt. 



Ill 

168 

Sept., 1946 


- 5.5° C. filtrate 



330 

197 

7 

BF-J 

June, 1945, Quartermas¬ 







ter Corps 

... 


135 

172 


BF-l-J 

- 5.5° C. ppt. 

42.8 


75 


-June, 1945 

BF-2-J 

- 5.5° C. filtrate 

12.4 


125 

187 


BF-M 

March, 1946 

...... 


119 

181 


* BF = butterfat; CO = corn oil. 


feeding each ration to a group of six male weanling rats. The results are 
given in table 1. Feces collections and food consumptions were made in 
Expts. 3, 4, and 7, and analyses were made for neutral fat and combined 











TABLE 2 

Fecal excretion- data for animats fed fats and fat fractions 
(All data are based on 3-day pooled samples from six-rat groups, unless otherwise indicated) 
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* Ether extractable material liberated by HOI treatment, 
t 7-day pooled samples. 
t U. 8. Army Quartermaster Corps. 
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fatty acids. The latter analysis was made as described previously. The re¬ 
sults of these analyses are given in table 2. The values for the per cent ab¬ 
sorption of the various fats are not corrected for “metabolic” fat excretion, 

DISCUSSION 

Separation of butterfat into two fractions by means of cold crystalliza¬ 
tion from an acetone solution yielded in Expt. 1 a liquid fraction which 
allowed a very rapid rate of growth of rats when incorporated in a sucrose 
diet. During a 6-week period these animals averaged 4.9 g. per day, a rate 
of growth above that usually obtained with Sprague-Dawlev rats fed similar 
synthetic type diets (4). The solid fraction of the butterfat proved to be 
very low in nutritional value, for the rats gained only an average of 2 g. per 
day over the 6-wcek period. From the iodine number of 27 which this frac¬ 
tion possessed, it is evident that unsaturated acids were present; however, 
these acids were not identified. It seems doubtful that linoleic acid defi¬ 
ciency could have caused the slow rate of growth which occurred even during 
the first week of the experiment. The fecal analyses show that the rat was 
able to hydrolyze the fat, but that the fatty acids liberated were not well 
absorbed. The melting point of 42° C. was not too high, for fairly good 
absorption occurred in subsequent experiments in which analogous fractions 
were employed. 

The wide differences in nutritive value between the two fractions pre¬ 
pared from September, 1945, butter were not evident in any of the subse¬ 
quent fractionation trials in which the butterfat used was prepared from 
butter obtained in June and December of 1945, and February. June. July, 
and September of 1946. In most cases, however, the rats fed the butterfat 
fraction 1 ration grew at a rate slightly inferior to that of the control groups, 
and they excreted more total ether-extractable material in their feces. 
Growth of the rats fed the BF ~2 rations was uniformly good in all experi¬ 
ments and the per cent absorption of this fat was always above 89 per cent. 
Henry et al. (7) concluded that there was no significant difference between 
the nutritive value of two fractions of butterfat which were obtained by a 
procedure similar to the one described in this paper. The iodine numbers 
of their fractions are in close agreement with those given in table 1. It 
should be noted that the growth of the animals used by the FInglish workers 
was far below the usual growth of the animals used in the present study; 
also, a different ration was used. 

The growth of the rats fed the two corn oil fractions was nearly identical 
to that of the corn oil control groups, and the gain in weight by the animals 
receiving either of the treated fats was equal to that of those fed the non- 
tre&ted fats. This latter finding is in disagreement with the observation of 
Jack et al, (8), who showed that the treatment of butterfat with hexane de¬ 
creased its nutritive value. 
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No reason is apparent for the fact that only in the first experiment were 
significant differences between the nutritive value of the two fractions ob¬ 
tained. Perhaps a more detailed separation of butterfat will be needed to 
secure consistent results as far as an extremely active fraction is concerned. 
In view of the finding of Jansen’s group of workers (1, 9) that vaceenic acid 
(11,12-cladie acid) has growth-promoting properties, it would be of interest 
to analyze the various fractions for this compound. 

SUMMARY 

Butterfat prepared from butter made in various months of the year has 
been fractionated into two fractions by cold crystallization from an acetone 
solution. A liquid fraction obtained from September, 1945. butter allowed 
rats to grow at a superior rate, while a solid fraction prepared from this 
blitter caused a very slow rate of growth. This phenomenon was not re¬ 
peated to the same degree in subsequent, trials using other samples of butter. 

Corn oil was separated into two fractions by a similar procedure but rats 
grew equally well when fed either of these fractions or corn oil itself. 

The treatment of either fat by solvent had no deleterious effect on its 
nutritive value. 
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STUDIES ON KETOSIS IN DAIRY CATTLE. IX. THERAPEUTIC 
EFFECT OF ADRENAL CORTICAL EXTRACTS 

J. C. SHAW 

Department of Dairy Industry, Storrs Agricultural Experiment Station, 

Storrs, Connecticut 

There are some similarities between ketosis in cattle and Addison’s 
disease in humans. Both subjects exhibit hypoglycemia and hypersensitive¬ 
ness to insulin injections. The symptoms in botli often are apparent at glu¬ 
cose levels which do not produce symptoms in normal subjects. Also in both, 
the blood glucose response to epinephrine injections is slight. There are a 
number of dissimilarities, but the positive relationships appeared to warrant 
some preliminary studies as to the possible role of the adrenal cortex in the 
development of ketosis in cattle. 

EXPERIMENTAL 

Four cases of uncomplicated ketosis were selected for study. Adrenal 
cortical extracts (Wilson) were injected subcutaneously at frequent inter¬ 
vals over short periods of time. Insofar as was possible, the cows were main¬ 
tained on their customary feeding and management regime. Blood samples 
for glucose and acetone body determinations were drawn at frequent inter¬ 
vals before and during the course of treatment. Observations also were made 
of the behavior of the cows during the experimental periods. Blood glucose 
and acetone bodies were determined by methods previously cited (2). 

Cow D. E. 259 was under observation for 3 days before treatment was 
initiated. The blood glucose, which was already at a low level on the first 
day of observation, decreased still more, and the blood acetone bodies in¬ 
creased from an already high level of 38.0 mg. per cent (fig. 1). The cow 
had refused all grain and ate but sparingly of hay during this period. 
Twenty milliliters of Wilson’s extract were injected the evening of the third 
day. The following morning the cow appeared ravenous, quickly consuming 
10 lbs. of hay and 5 lbs. of concentrate. A full bucket of grain containing 
approximately 10 lbs. of concentrate was fed and eaten rapidly. The blood 
glucose increased rapidly within the next 24 hours. Concurrently, the blood 
acetone bodies decreased. 

The cortical extract was injected again on the fourth and fifth days, but 
the cow went off feed, apparently the result of over-feeding. On the seventh 
day, when the blood glucose and acetone bodies indicated a relapse and the 
appearance of the animal had worsened, injections again were initiated. Six 
injections, totaling 200 ml., were given within a 3-day period. The appe¬ 
tite of the cow again improved markedly; the blood picture likewise im- 

Received for publication March 1, 1947. 
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proved. Milk production tended to parallel the blood sugar curve rather 
closely, increasing during both periods of treatment (fig. 1). The cow recov¬ 
ered without further treatment. 

Cow D. E. 262, from which the data for figure 2 were obtained, also had 
shown symptoms of ketosis several days before treatment was initiated. This 
animal had been off feed for several days, exhibited incoordination and 



general paresis, and was becoming emaciated. Milk production increased at 
first and then began to decrease rapidly, apparently with the onset of ketosis 
(%• 2 ). 

_ During a 3-day period, 375 ml. of Wilson’s adrenal cortical extract were 
injected subcutaneously. An improvement in appetite was observed within 
24 hours. The blood picture also improved, the blood glucose and acetone 
bodies approaching normal levels within 5 days. Within 4 days of the last 
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Fig. 2. Ketosis—cortin therapy (Cow D. E. 262). 


injection, milk production, which had almost doubled following the initial 
injections, again began to decrease, indicating a relapse. Once more the 
animal refused all feed. An injection of 50 ml. of the adrenal cortical ex¬ 
tract was made and repeated on the following day. Improvement in appe¬ 
tite, milk production, blood glucose, and blood acetone bodies was prompt. 
A week later, when tin* appearance of the animal denoted a possible relapse, 
glucose was injected intravenously. 

In figures :> and 4, data are presented graphically on the response to injec¬ 
tions of adrenal cortical extracts of two cows exhibiting less advanced stages 
of ketosis. In both cases the ketonemia and hypoglycemia were marked, and 
both animals exhibited inappetence. The response to injections of the ad- 
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renal cortical extract was prompt in the two animals. The appetite and 
general appearance of the two cows appeared normal within 3 to 4 days. 
No further treatment of any kind was required. 

DISCUSSION 

Caution must be exercised in drawing conclusions as to the effectiveness 
of any substance in promoting recovery of cows suffering from ketosis, since 
they recover from time to time without treatment and without any apparent 
change in management and feeding (2). The marked improvement follow¬ 
ing each injection period in each of the four cases studied appears to be sig¬ 
nificant however. . It appears unlikely that four such cases selected at ran¬ 
dom all would improve so quickly purely by chance happening. Rather, it 
appears that the adrenal cortical extract did have a specific effect in pro¬ 
moting recovery. 

This does not necessarily mean that ketosis in cattle is due to an adrenal 
insufficiency, since extracts of the adrenal cortex promote glyconcogenesis 
even in normal animals. The effect could have been strictly a therapeutic 
one in which improvement was due to an increased liver glycogen and/or 
blood glucose. There appeared to be little actual measurable increase in the 
blood sugar until after the appetite had improved, though it is possible that 
more carbohydrate was being made available to the body tissues. 

The following observations on cows are similar to those observed in Addi¬ 
son’s disease (3) and favor the view that an adrenal insufficiency may be 
involved: (a) Ketosis in dairy cows is a hypoglycemic condition, (b) There 
is a definite lowering of the glucose threshold at which symptoms become 
manifest (1). (c) Adrenal cortical extracts have elicited a favorable 

response in each of the four cases studied, (d) Cows with ketosis are more 
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sensitive to insulin injections than normal cows (unpublished), (e) The 
blood glucose response to adrenalin injections is slight (1). 

The following are not in accord with the view that an adrenal insufficiency 
is involved in the development of ketosis in dairy cows: (a) The plasma 
sodium and potassium appear to be normal (unpublished), (b) The intra¬ 
venous glucose tolerance curve of cows with ketosis (1) is not typical of that 
of adrenal insufficiency in other species (3). (c) Cows with mild cases of 

ketosis and many with relatively severe cases frequently recover following 
a single intravenous injection of glucose. 

Preliminary work indicates that both the plasma sodium and potassium 
are normal, although more data are needed to establish this with certainty. 
The secretion of the carbohydrate principle could still be affected abnor¬ 
mally, of course, without affecting the sodium and potassium relationship. 

CONCLUSIONS 

Four cows with ketosis, when treated with an extract of the adrenal 
cortex, responded immediately with an improvement in appetite and a 
return of the blood glucose and acetone bodies toward the normal values. 
However, an adrenal insufficiency is not necessarily believed to be indicated. 
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THE INFLUENCE OF A SYNTHETIC THYROPROTEIN 
WHEN FED TO DAIRY COWS OVER AN 
EXTENDED PERIOD 1 

RALPH P. REECE 

Department of Dairy Husbandry, Netc Jersey Agricultural Experiment Station , 

Nrw Brunswick 

INTRODUCTION 

The development in vitro of a highly active thyroprotein by Reineke and 
Turner (2) has made possible the determination, by a number of investi¬ 
gators, of the influence of thyroprotein on milk secretion in dairy cattle. 
The results of these* investigations rather consistently have shown an increase 
in milk and milk-fat production accompanied by an increase in heart rate 
and a decrease in body weight. 

The feed in" of a moderate daily dose of thyroprotein during a 3-week 
period was found to increase the fat content without greatly augmenting 
milk production (1). The present study was made to determine the influ¬ 
ence of feeding thyroprotein over an extended period. 

EXPERIMENT iL PROCEDURE 

Nine dairy cows in various stages of declining lactation and gestation 
were fed daily either 10 or In g. of thyroprotein (Protamone 2 ), which was 
incorporated in the grain ration. During the entire feeding period, daily 
milk weights (milking twice daily) were recorded, and milk samples were 
taken on two consecutive days each month. Individual milk samples were 
tested for their butterfat content by the Babcock method. Body weights 
and heart rates (measured with a stethoscope) were determined on two con¬ 
secutive days each month. The part of the lactation during which thyro¬ 
protein was fed is compared with a similar segment of either a previous or 
a subsequent lactation. In giving information on reproductive perform¬ 
ance, the last breeding date is listed as the date of conception. In tables 
1 and 2 are included results from five cows used in the first experiment (1). 

EXPERIMENTAL RESULTS 

Immediate changes in milk production following the feeding of thyro¬ 
protein . Nine cows that received 10 g. of thyroprotein showed an average 
initial increase of 7.6 per cent, whereas five cows fed 15 g. of thyroprotein 
increased 19.7 per cent in milk production. »These results are summarized 
in table 1. 

Received for publication March 7, 1947. 

1 Journal Series Paper of the New Jersey Agricultural Experiment Station, Rutgers 
University, Department of Dairy Husbandry. 

a The Protamone was generously supplied by the Cerophyl Laboratories, Kausas City, 
Missouri, through the courtesy of Dr. W. R. Graham, Jr. 
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TABLE 1 

Immediate changes in milk production following the feeding of thyroprotein 


Cow no. 

Av. daily production 
(lbs.) for 7 days prior 
to feeding 

Av. daily production 
(lbs.) for highest 7 
days after feeding 

% change in 
production 



10 g./day 


H37 

29.3 

34.0 

+ 16.0 

492 

, 23.5 

25.8 

+ 9.8 

383 

22.3 

25.6 

+ 14.8 

H41 

15.2 

15.7 

+ 3.3 

627 

26.1 

28.4 

+ 8.8 

621 

64.3 

66.8 

+ 3.9 

378 

31.0 

34.4 

+ 11.0 

485 

23.0 

24.2 

+ 5.2 

611 

31.7 

31.7 

0.0 

Av. 

1 29.6 

31.8 

+ 7.6 



15 g./day 


628 

15.8 

21.5 

+ 36.1 

619 

17.7 

26.6 

+ 50.3 

H41 

27.3 

32.3 

+ 18.3 

492 

29.1 

32.5 

+11.7 

642 

27.4 

27.5 

+ 0.4 

Av. 

23.5 

28.1 

+ 19.7 


Milk production following the withdrawal of thyroprotein from the 
ration . Thyroprotein was withdrawn from the ration of five cows that had 
been receiving 10 g. per day. The average daily milk production for the 
last 7 days of feeding was 25.0 lbs. as compared with 20.1 lbs. for the second 
7-day period after withdrawal, a decrease of 19.5 per cent. The daily milk 
production of three cows receiving 15 g. of thyroprotein decreased from 14.8 
lbs. to 9.8 lbs., a decrease of 34.2 per cent following the withdrawal of thyro¬ 
protein from the ration (table 2). 

TABLE 2 

Milk production following the withdrawal of thyroprotein from the ration 


Cow no. 

Av. daily production 
(lbs.) for last 7 
days of feeding 

Av. daily production 
(lbs.) for second 
7-day period after 
withdrawal 

r /r change in milk 
production 

H37 

10 g./day 

34.0 

29.0 

-14.7 

492 

24.9 

21.1 

-15.3 

383 

22.9 

16.8 

-26.6 

H41 

14.6 

10,3 

- 29.5 

627 

28.4 

23.3 

-18.0 

Av. 

25.0 

20.1 

-19.5 

619 

15 g./day 

10.9 

4.6 

-57.8 

628 

10.9 

9.8 

-10.1 

621 

22.7 

14.9 

-34.4 

Av. 

14.8 

9.8 

-34.2 
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Milk production following the withdrawal and the refeeding of thyro- 
protein. To determine whether thyroprotein was exerting a stimulating 
influence on milk secretion after a prolonged feeding period, it was with¬ 
drawn from the ration of four cows for 7 days and then included again. In 
each instance, a sharp decline in milk production followed the withdrawal 
of thyroprotein. When thyroprotein again was fed, three of four cows 
attained the pre-withdrawal level of milk production. The cow (378) that 
failed to return to the pre-withdrawal level of milk production had been 
receiving 40 g. of thyroprotein daily, and when refed was given only 15 g. 
daily. Thpse results are summarized in table 3. 

TABLE 3 

if ilk production following the withdrawal and the substquent feeding of thyroprotein 


Pow HO. 

Av. daily production 

Thyroprotein 

by 7-day periods 

fed daily 


(»*.) 

(0.) 

619 

23.9 

15 


19.5 (15.9*' 

None 


17.9 

15 


24.0 

15 

378 

13.9 

40 


13.1 

40 


9.8 (5.5 *) 

Xone 

1 

8.0 

15 

! 

! 

7,1 

15 

611 

13.1 

10.2 (7.1* » 

15 

None 


10.2 

15 


13.2 

15 

642 

no -j 

15 


19.3 (16.6* 

None 


18.7 

15 


22.1 

i 15 


• Lowest daily production for the period. 

Influence of feeding thyroprotein from 3 to 17 months. A Holstein- 
Friesian cow (H-41; born 10-27-39; calved 2-7-43; conceived 4-27-43; 
aborted 8-month fetus 1-3-44; cow infected with Brucella abortus) received 

15 g. of thyroprotein daily for 2.5 months. Milk production increased from 
27.3 lbs. to 32.3 lbs. (table 1) and the butterfat percentage increased from 
3.11 to 4.32 in the first month of the feeding period. Body weight increased 
during thyroprotein feeding, and heart rate showed a maximum increase of 

16 beats per minute. Increasing the dose of thyroprotein from 15 to 30 g. 
for 15 days did not prevent the decline in milk production which was occur¬ 
ring at that time. Body weight had increased by 106 lbs. and heart rate 
had decreased by 14 beats per minute 22 days after the removal of thyro¬ 
protein from the ration. These results are summarized in table 4. In 3 
months of a control lactation cow H-41, calving at 4 years and 2 months, 
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TABLE 4 


Influence of thyroprotcin in the ration of cow H-41 


Date 

Av. daily 

Milk 

production 

Butterfat 

Fat 

test 

Body 

weight 

Ileart 

rate 

Thyropro¬ 
tcin fed 
daily 

{1948) 

{lbs.) 

(lbs.) 

(%) 

{lbs.) 

{per min.) 

(0‘) 

Feb. ... 

56.7 



. 



(19 days) 







March 

68.9 

2.43 

3.53 




April 

66.1 

1.98 

3.00 




May 

64.6 

1.74 

2.70 




J une . 

45.5 

1.25 

2.75 




July 

34.1 

1.06 

3.31 

1271 

67 


Aug. 

29.3 

1.27 

4.32 

3306 

80 

35 

Sept. 

22.8 

0.95 

4.20 

1377 

83 

15 

Oct. 

12.7 

0.58 

4.59 

1374 

82 

35* 

Nov. 

6.9 

. ... 


14801 

681 


(6 days) 








* Thirty grams of thyroprotcin daily from Oct. 15 to Nov. 3. 

t Determinations made 22 days following the removal of thyroprotein from the 
ration. 


produced 1,853 lbs. of milk with a 3.58 per cent test; in a similar segment 
of a lactation following calving at 3 years and 3 months, she produced 1,984 
lbs. of milk with a 4.33 per cent test when thyroprotein was fed. 

An Ayrshire cow (485; born 5-18-38 ; calved 5-6-42; conceived 6-26-42; 
calved normally 3-28-43) was fed 10 g. of thyroprotein daily for 4 months. 
Milk production increased only slightly (table 1); however, the fat content 
of the milk increased markedly. Body weight decreased and then increased, 
and by the end of the feeding period the cow had gained 63 lbs. in body 
weight. Although heart rate varied, in 3 of the 4 months it was consider¬ 
ably higher than in the month prior to thyroprotein feeding. Table 5 pre¬ 
sents a summary of these results. This cow calved at 3 years arid 1 month 


TABLE 5 

Influence of thyroprotcin in the ration of cow 485 


Date 

Av. daily production 

Fat 

Body 

weight 

Heart 

Thyropr 
tein fe< 
daily 

Milk 

Butterfat 

test 

rate 

(ms) 

{lbs.) 

(lbs.) 

(%) 

(lbs.) 

{per min.) 

(a-) 

■ 

May 

(20 days) 

28.5 



. 


June 

26.0 






July 

22.9 

0.93 

4.04 




Aug. (15 days) 

23.3 

0.92 

3.94 

1027 

64 


Aug. (16 days) 

24.0 

1.10 

4.60 

1 


10 

Sept. . . . 

21.3 

1 0.98 

4.58 

980 j 

78 

10 

Oct. 

16.6 

0.85 

. 5.14 

1013 | 

65 

10 

Nov. 

12.2 

0.61 

5.00 | 

1033 1 

92 

10 

Dec. .. 

(20 days) 

7.3 

0.39 

5.33 ; 

1090 ! 

86 

10 
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and in a 4-month segment of her lactation she produced 2,492 lbs. of milk 
with a 4.14 per cent test. In a similar segment of a subsequent lactation, 
calving at 3 years and 11 months, she produced 2,255 lbs. of milk with a 4.80 
per cent test when fed thyroprotein. 

A Brown Swiss, first-calf heifer (628; born 8-22-39; calved 9-28-42; 
conceived 12-7-42; calved normally 9-16-43) received 15 g. of thyroprotein 
daily for 4 months. This heifer had declined considerably in milk produc¬ 
tion after calving and it was evident that she was increasing in body weight 
at the expense of milk production. Milk production increased from 15.8 lbs. 
to 21.5 lbs. per day < table 1). and in the first 3 months of thyroprotein feed¬ 
ing this animal produced more milk than she had in the 3 months prior to 
thyroprotein feeding. Although milk production did not decline sharply 


TABLE 6 

Influence of thyroprotein in the ration of cow 


Date 

Av. daily 

Milk 

production 

Butterfat 

Fat 

test 

Body 

weight 

Heart 

rate 

Thyropro¬ 
tein fed 
daily 

(1942) 1 

(lbs.) 

(lbs.) 

(%) 

(lbs.) 

(per min.) 

(£•) 

Oct. (27 (lays) . 

24.7 

1.19 

4.80 




Nov. 

21.4 

0.83 

3.90 




Dec. 

17.9 

0.83 

4.63 


.... 


{1949) 

i 






Jail. 

17.3 ! 

0.81 

4.70 




Feb. 

16.2 | 

0.75 

4.64 


55 

1 

March 

19.5 

0.97 

4.98 

1187 

72 

15 

April 

20.7 

1.11 

5.36 

1126 

66 

15 

May 

20.5 

1.02 

4.98 

1083 

93 

35 

June 

13.8 : 

0.78 

5.65 



35 

J uly 

9.3 , 

0.48 | 

1 5.07 

1137 

| 78 



after the withdrawal of thyroprotein (table 2), there were other indications 
that the heifer had received stimulation from the thyroprotein in the last 
month of the trial. - The bntterfat content of the milk increased following 
the inclusion of thyroprotein in the ration and decreased when thyroprotein 
was removed. From the first month to the third month of thyroprotein 
feeding, there was a decrease of 104 lbs. in body weight. When the feeding 
of thyroprotein was discontinued, body weight increased. However, 15 days 
after the withdrawal of thyroprotein from the ration, body weight was still 
50 lbs. below the weight prior to feeding. Heart rate increased by 17 beats 
per minute during the first month of the feeding period and, following 
thyroprotein withdrawal, a marked decrease in heart rate occurred. A sum¬ 
mary of these results is given in table 6. This animal received thyroprotein 
. during 4 months .of her first lactation, having calved at 3 years and 1 month. 
In these 4 months she produced 2,274 lbs. of milk with a 5.21 per cent test. 
In a similar segment of her following lactation, having calved at 4 years and 
1 month, she produced 1,788 lbs. of milk with a 5.07 per cent test. 
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A Brown Swiss cow (619; born 4-19-36; calved 12-2-42; conceived 
2-13-43; calved 11-30-43, the calf being dead when first observed) received 
15 g. of thyroprotein daily for 4.5 months. Milk production increased from 
17.7 lbs. to 26.6 lbs. per day (table 1). Thyroprotein w*as removed from the 
ration in the second month of the feeding period, and the average daily milk 
production decreased from 10.9 lbs. to 4.6 lbs. The fat content of the milk 
varied greatly but this was more apparent than real, since the cow was of a 
nervous nature and frequently failed to milk-out completely. A decrease in 
body weight was followed by an increase, the increase occurring when milk 
production was decreasing rapidly. The heart rate was increased by thyro¬ 
protein feeding and it remained above the pre-feeding level during the entire 
feeding period. These results are summarized in table 7. In 4 months of a 


TABLE 7 

Influence of thyroprotein in the ration of cow €19 


Date 

Av. daily production 

Pat 

test 

Body 

weight 

Heart ( 
rate 

Thyropro- 
tein fed 
daily 

Milk 

Butterfat 

(1942) 

(lbs.) 

(lbs.) 

(%) 

(lbs.) 

(per min.) 

(*> 

Dec. (27 days) 

36.3 

1.46 

4.01 




( 194S) 







Jan.. . 

36.7 

1.14 | 

3.10 




Feb. 

28.1 

0.56 

2.00 

1 



March .. 

19.4 

0.90 1 

4.63 

l 0O»> 

59 


(13 days) 




' 



March . . 

21.0 ! 

j 




15 

(18 days) 


i 

i 


1 



April. 

25.2 

0.99 i 

3.92 

1216 

70 

15 

May 

21.4 

0.89 1 

4.17 

1141 

71 

15* 

June . 

18.8 

0.66 1 

3.51 



15 

July . 

: ii.5 

0.52 | 

4.56 

1178 • 

75 

15 

Aug. . 

6.1 

1 


■ 



(18 days) 


:_1 


i 




* Thyroprotein withdrawn from ration for 7 days. 


control lactation period, having calved at 5 years and 7 months, no. 619 pro¬ 
duced 3,161 lbs. of milk testing 4.05 per cent. In a similar segment of a 
lactation period when thyroprotein was fed, this animal, calving at 6 years 
and 7 months, produced 2,341 lbs. of milk with a 4.00 per cent test. 

An Ayrshire cow (492; born 1-11-39; calved 4-16-43; conceived 8-10-43; 
calved normally 5-19-44) received 15 g. of thyroprotein daily for 5.5 months. 
Milk production increased from 29.1 lbs. to 32.5 lbs. per day (table 1). The 
fat test increased from 3.28 per cent prior to thyroprotein feeding to 4.07 
per cent in the third month of thyroprotein feeding. In the following 2 
months the fat content of the milk decreased to the pre-feeding level, even 
though milk production was falling rapidly. The fat content of the wnflr 
showed an increase only when the stimulus to secrete milk was low. The 
decrease in the fat content of the milk was associated with an increase in 
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body weight. There was an initial loss in body weight; however, in the 
fifth month of thyroprotein feeding, no. 492 was 100 lbs. above her pre-feed¬ 
ing weight. Heart rate increased and then decreased. Table 8 presents 
a summary of these results. Similar segments of 5 months each of two lac¬ 
tations were available for comparison. Calving at 4 years and 3 months, 
no. 492 produced 3,274 lbs. of milk with a 3.82 per cent fat test when thyro¬ 
protein was fed; calving at 5 years and 4 months, she produced 2,912 lbs. of 
milk with a 3.30 per cent fat test when thyroprotein was not fed. 

A Jersey cow (378; born 1-5-39; calved 9-1-42; conceived 2-25-43; 
aborted 7-month fetus 9-23-43; cow infected with Brucella abortus) was fed 
10 g. of thyroprotein daily for 4 months, after which increasing amounts 
were fed until a dose of 40 g. was attained in the sixth month of thyroprotein 


TABLE 8 

Influence of thyroprotein in the ration of cow 492 


Pate 

Av. daily production 

Pat 

test 

Body 

weight 

Heart 

rate 

Thyropro¬ 
tein fed 
daily 

Milk 

Butterfat 

(1043) 

(lbs.) 

(lbs.) 

(%) 

(lbs.) 

(per mtn.) 

(*) 

April 

33.5 






(11 days) 







Mav 

3 9.6 

1.56 

3.43 




June 

35.7 

1.12 

3.13 


i 


July | 

30.11 

1.01 

3.28 

1010 

75 


Aug. 

31.0 

1.18 

3.80 i 

! 989 

i 82 

15 

Sept. 1 

1 20.0 

| 1.02 i 

3.93 

1006 . 

76 

15 

Oct. ; 

21.1 

! 0.86 ] 

4.07 | 

| 977 

69 

15 

Nov. 

I 19.6 

1 0.74 

3.75 | 

1007 

! 70 

15 

Pec. 

9.4 

0.30 

3.22 | 

1110 

, 69 

15 

(1944) 





1 


Jan. (13 day9) 

3.2 j 

0.12 i 

3.83 | 

1 

1 

15 


feeding. Milk production increased from 31.0 lbs. to 34.4 lbs. (table 1) soon 
after the inclusion of thyroprotein in the ration and then declined rather 
rapidly. However, this lack of persistency also was observed in a previous 
lactation. An attempt to prevent further decrease in milk production by 
increasing the thyroprotein dose did not meet with success. Butterfat per¬ 
centage increased, but this increase probably was a result of the advance in 
the stage of lactation,.since the fat content of the milk secreted during thyro¬ 
protein feeding was about the same as that secreted in a similar segment of 
a previous lactation. Body weight increased gradually until the last month 
of the feeding period. At that time body weight decreased slightly, and 
this decrease in body weight was accompanied by an increase in heart rate 
by 11 beats per minute. These results are summarized in table 9. Calving 
at 2 years and 8 months, no. 378 produced 2,757 lbs. of milk with a 3.97 per 
cent test in 6 months. In a similar segment of a subsequent lactation, 
calving at 3 years and 8 months, this animal produced 3,978 lbs. of milk with 
a 4.05 per emit test when thyroprotein was fed. 
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TABLE 9 


Influence of thyroprotein in the ration of cow 378 


Date 

Av. daily production 

Fat 

Body 

Heart 

Thyropro¬ 
tein fed 

Milk 

Butterfat 

tost 

weight 

rate 

daily 

(194S) 

(lbs.) 

(lbs.) 

(%) 

(lbs.) j 

(per min.) 

(a-) 

Sept. 

(20 days) 

33.6 

1 i 

1.21 

| 3.60 

i 1 

1 : 

82 


Oet. - 1 

1 31.9 

1.12 

3.52 1 

i 830 


Nov. 

i 33.1 

1.23 

3.72 

848 

79 

io ’ 

Dec. 

{194$) j 

26.8 j 

| 1.30 

4.12 

i 

8 59 

1 

82 

10 

Jan. 

23.6 

0.93 ; 

3.93 ! 

859 

74 

30 

Feb. 

18.8 

0.82 

4.38 

878 

74 

10 

March 

15.5 

0.66 

4.26 

889 

76 

# 

April 

13.6 

0.57 | 

4.22 

872 

87 

* 


* Thyroprotein gradually increased from 10 g. per day to 40 g. per day. 


A Brown Swiss, first-calf heifer (642; born 11-8-40; calved 5-2-43; con¬ 
ceived 7-2-43; calved normally 5-11-44) was fed 15 g. of thyroprotein daily 
for 6 months. Milk production was not augumerited (table 1); however, by 
the third month of thyroprotein feeding the fat test had increased from 3.51 
to 4.12 per cent. In the second month of the trial, thyroprotein was with¬ 
drawn from the ration for 7 days. Milk production decreased from 22.1 lbs. 
to 18.7 lbs. (lowest daily production was 16.6 lbs.). The addition of thyro¬ 
protein to the ration resulted in the return of milk production to the pre¬ 
withdrawal level (table 3). Increasing the grain allowance by 2 lbs. per 
day, in the fourth month of the feeding period, resulted in a further increase 
in the fat content of the milk. This increase in the fat content of the milk 
was accompanied by an increase in body weight. These results are presented 
in table 10. Similar segments of 6 months each, of two lactations, are avail- 

TABLE 10 


Influence of thyroprotein in the ration of cow 648 


Date 

Av. daily production 

Fat 

test 

. Body 
weight 

Heart 

rate 

Thyropro¬ 
tein fed 
daily 

Milk 

Butterfat 

(1943) 

(lbs.) 

(lbs.) 

(%) 

(lbs.) ' 

(per min.) 

(0-) 

May (25 days) 

33.1 

1.16 




June 

31.9 

1.02 





July . 

28.4 


3.51 

927 

77 


Aug. 

25.6 

0.98 

3.84 

910 

63 i 

15 

Sept. .. 



4.01 

906 

64 I 

15* 

Oct. . . . 

21.5 


4.12 

905 

58 | 

15 

Nov. . .. 

21.7 

0.99 

4.58 

972 

59 ! 

15 

Dec. . 

19.5 

0.90 

4.59 

1027 

61 

15 

(1944) 







Jan. 

18.5 

0.79 

4.27 

1088 

62 

15 

Feb. (9 days) . 

15.6 






* Thyroprotein withdrawn from ration for 7 days. 


























INFLUENCE OF A SYNTHETIC THYROPROTEIN 


321 


able for comparison. Calving at 2 years and 6 months, no. 642 produced 
3,909 lbs. of milk with a 4.22 per cent fat test when,thyroprotein was fed; 
calving at 3 years and fi months, she produced 6,039 lbs. of milk with a 4.03 
per cent fat test when thyroprotein was not fed. 

A Brown Swiss cow (621; born 12-10-36; calved 8-6-42; conceived 11- 
25-42; calved normally 8-31-43) received 10 g. of thyroprotein daily for 
4 months and then 15 g. daily for 4 months. There was an initial increase 
in milk production from 64.3 lbs. per day to 66.8 lbs. (table 1). Fat pro¬ 
duction in the fifth month of thyroprotein feeding (eighth month of lacta¬ 
tion) was similar to that in the mouth of peak fat production, which was just 


TABLE 11 

Influence of thyroprotein in the ration of cow G?1 


Pate 

Av. daily production 

Fat 

Body 

Heart 

Thyropro¬ 
tein fed 
daily 

Milk 

Butterfat 

test 

weight 

rate 

{1042) 

(»*> 

Ubs.) 

(%> 

(lbs.) 

(per min.) 

(fi-) 

Aug. 

56.0 

2 . 0 a 

J .ill) 




(23 days') 
Sept. 

61.3 

2.15 

3.51 




Oct. 

66.4 

£.27 

3.42 

1358 

so 


Nov. 

64.7 

£ 25 

3.48 

1342 

78 

10 

Dec. 

61.5 

2.48 

4.04 * 

1302 

75 

10 

(1013) 


i l 



i 

: 

Jan. 

5D.3 ! 

2.40 | 

4.04 i 

1297 

1 76 

10 

Feb. 

r»r>.9 

2.0<t 

3.73 i 

1364 . 

; 75 | 

10 

March 

53.9 | 

2.20 j 

4.09 

1324 

i "6 

t i r> 

April 

50 6 j 

1 1.95 | 

3.86 , 

1339 

i 77 

15 

May 

43.2 

! 1.94 ! 

4.49 ; 

1339 

i 75 

15 

J une 

20.7 ! 

1 1.41 i 

4.74 ; 


1 

15 

July (14 daya) 

16.7 ! 

t 0.82 j 

4.88 ! 

1397 ] 

j 68 



prior to the addition of thyroprotein to the ration. The fat content of the 
milk did not increase until the second month of thyroprotein feeding. Body 
weight decreased slightly and then gradually increased. By the seventh 
month of the feeding period, this animal had not attained a body weight 
equal to that recorded in the month prior to thyroprotein feeding; at that 
time she was in the sixth month of pregnancy. There was no increase in 
heart rate. It is believed, however, that heart rate was higher than it would 
have been had thyroprotein not been fed, since heart rate decreased following 
the removal of thyroprotein from the ration. These results are summarized 
in table 11. No. 621, calving at 5 years and 8 months, produced 12,671 lbs. 
of milk (4.00 per cent test) in 8 months when thyroprotein was fed. In a 
similar segment of a subsequent lactation, calving at 6 years and 8 months, 
she produced 9,398 lbs. of milk (4.00 per cent test). 

A Brown Swiss cow (611; born 8-24-34; calved 5-14-42; not pregnant) 
received 10 g. of thyroprotein daily for 6.5 months and 15 g. daily for an 
additional 10.5 months. There was no increase in milk production, but there 




322 


RALPH P. REECE 


was a substantial increase in the fat content of the milk. Average daily fat 
production remained fairly constant during the first 9.5 months of the feed¬ 
ing period, after which it gradually decreased. Increasing the dose of thyro- 
protein from 10 to 15 g. per day did not increase either milk or milk-fat pro¬ 
duction. The withdrawal of thyroprotein from the ration for 7 days in the 
fourteenth month of the feeding period resulted in a sharp decline in milk 
production (table 3), indicating that thyroprotein had been stimulating milk 
production. The feeding of thyroprotein during the summer months did 

TABLE 12 


Influence of thyroprotein in the ration of cow 611 


Date 

» , M 

Av. daily production 

Fat 

test 

Body 

weight 

Heart 

rate 

Thvropro- 
tein fed 
daily 

Milk 

Butterfat 

{1942) 

(lbs.) 

(lbs,) 

(%) 

(lbs.) 

(per min.) 

( 0■) 

May (9 days) . 

29.7 






June . 

28.1 






July 

30.3 

1.13 

3.72 




Aug. 

32.5 

1.25 

3.85 

1233 

60 


(15 days) 







Aug. 

31.2 

1.22 

3.92 



10 

(16 days) 







Sept. 

30.3 

1.26 

4.16 

1171 

63 

10 

Oct. 

28.4 

1.29 

4.54 

1169 

59 

10 

Nov. . 

28.8 

1.28 

4.45 

1180 

72 

10 

Dec. 

26.9 

1.27 

4.72 

1192 

60 

10 

(1948) 







Jan.. 

24.7 

1.12 

4.55 

1185 

58 

10 

Feb. 

23.3 

1.12 

4.81 

1208 

53 

10 

March . 

23.5 

1.15 

4.90 

1204 

58 

15 

April. 

23.7 

1.16 

4.91 

1195 

66 

15 

May. 

23.9 

1.14 

4.78 

1116 

88 

15 

June. 

19.5 

0.93 

4.75 



15 

July . 

16.9 

0.78 

4.61 

1159 

87 

15 

Aug. 

15.5 

0.68 

4.41 

1182 

59 

15 

Sept. 

11.8 

0.54 

4.61 

1207 

59 

15 # 

Oct. 

12.6 

0.60 

4.77 

1202 

54 

15 

Nov. 

12.1 

0.59 

4.89 

1259 

58 

15 

Dec. . 

8.2 

0.39 

4.80 

1303 

54 

15 

(1944) 







Jan. (11 days) 

3,6 



1387 

64 

15 


* Thyroprotein withdrawn from ration for 7 days. 


not prevent a decrease in fat test, although the fat tests probably were higher 
than they would have been had thyroprotein not been fed. Body weight and 
heart rate fluctuated considerably, the lowest body weight being recorded 
when the heart rate was highest. Body weight remained below the pre-feed¬ 
ing weight until the sixteenth month of the feeding period. At the end of 
the feeding period, at which time milk production was declining rapidly, the 
cow weighed 154 lbs. more than she weighed prior to the feeding of thyro¬ 
protein. A summary of these results is presented in table 12. It was pos¬ 
sible to compare 305 days of the experimental lactation with a similar seg- 
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ment of a previous lactation. Calving at 6 years and 6 months, no. 611 pro¬ 
duced 6,704 lbs. of milk with a 4.39 per cent test in 305 days of a normal 
lactation; calving at 7 years and 8 months, she produced 8,161 lbs. of milk 
with a 4.55 per cent test in 305 days when thyroprotein was fed. 

DISCUSSION 

The feeding of 10 g. of thyroprotein daily to dairy cows resulted in an 
initial increase in milk production of 7.6 per cent. Perhaps the most strik¬ 
ing observation is the variation in response (from no response to 4* 14.8 per 
cent). One would anticipate, however, some variation in response, since the 
cows differed in age, stage of lactation, level of milk production, and breed. 
When 15 g. of thyroprotein were fed daily, the initial increase was more 
than twice as great as that obtained with 10 g. In addition, the variation 
in response also was greater, from 0.4 to + 50.3 per cent. 

The per cent decrease in milk production on the withdrawal of thyro¬ 
protein from the ration was greater than the per cent increase following the 
feeding of thyroprotein. The number of cows from which the averages were 
obtained, however, is not the same. Five cows that received 10 g. of thyro¬ 
protein daily and from which the thyroprotein eventually was removed 
showed an average increase of 11 per cent in milk production following 
feeding and an average decrease of 19.5 per cent following removal. In cer¬ 
tain cases, after the withdrawal of thyroprotein from the ration, the level of 
milk production in the second week was lower than *in the third w-eek. In 
one instance (no. 383), the average daily milk production for the second 
7-day period after withdrawal was 16.8 lbs. but in the third week after re¬ 
moval it was 18.4 lbs. The magnitude of the decrease in milk production 
following thyroprotein withdrawal appears to be associated with the stage 
of lactation and the degree of stimulation received during the feeding period. 
These observations suggest that, from the standpoint of milk and milk-fat 
production, after thyroprotein is included in the ration it should not be with¬ 
drawn until one desires to terminate lactation. Lactation will cease rapidly 
following thyroprotein withdrawal. 

Of the nine cows receiving thyroprotein from 3 to 17 months, six weighed 
more and three weighed less at the end of the feeding period than at the 
beginning. In three instances in which observations w*ere made, body weight 
increased rapidly following thyroprotein removal. Two of three cows 
that decreased in body weight during thyroprotein feeding failed to secrete 
milk with a higher fat content than that observed in a similar segment of a 
control lactation*. The question may be raised as to whether it is undesirable 
to have cows continue to lose in body weight after the peak of lactation 
is passed. If this continued loss is undesirable, the additional feed intake 
required to prevent it must be determined. Since body weight increases 
rapidly following thyroprotein withdrawal, it should not be too difficult to 
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attain the desired body weight before the next calving. Another point to 
consider would be whether the latter part of the lactation plus the dry period 
or the dry period alone is the most desirable time to replenish the body 
reserves of a cow. 

Body weight losses may not be severe following thyroprotein feeding, but 
the fat content of the milk may decrease despite an initial increase (no. 492). 
Increasing the feed intake may result in a further increase in the fat content 
of the milk (no. 642). This suggests the desirability of increasing the feed 
intake of an animal when thyroprotein feeding is started if a maximum 
response is desired. 

SUMMARY 

The daily feeding of 10 g. of thyroprotein to nine cows resulted in an 
initial increase of 7.6 per cent in milk production; five cows receiving 15 g. 
of thyroprotein daily' increased 19.7 per cent in milk production. 

The average daily milk production in the second week after the with¬ 
drawal of thyroprotein was 19.5 per cent below that of the last week of 
thyroprotein feeding in five cows receiving 10 g. of thyroprotein; in three 
cows receiving 15 g. of thyroprotein the decrease was 34.2 per cent. 

In three of four cows receiving thyroprotein, the withdrawal and refeed¬ 
ing of thyroprotein resulted in a marked decrease in milk production and 
then a return to the pre-withdrawal level. The cow not returning to the 
pre-withdrawal level was not fed thyroprotein at the previous level. 

Of nine dairy cows that received cither 10 or 15 g. of thyroprotein daily 
for periods varying from 3 to 17 months, six secreted milk with a higher fat 
content and six produced more milk than that secreted in a similar segment 
of either a previous or a subsequent lactation. Of the three cows not show¬ 
ing an increase in milk production during the entire thyroprotein feeding 
period, only one failed to show an initial response in milk production. 

The author is indebted to Dr. II. J. Metzger of the New Jersey Agricul¬ 
tural Experiment Station for the determination of Brucella abortus in two 
of the animals. 
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COMMITTEE MEETINGS 

Those wishing rooms for Extension and Production Section Committee 
meetings should write or contact G. 1J. Raithby and those in the Manu¬ 
facturing Section wishing the use of rooms for Committee meetings should 
write or contact W. H. Sproule. 

SPECIAL MEETINGS 

Groups wishing rooms and equipment for special meetings before, dur¬ 
ing, or after the regular session will please contact G. E. Raithby. Pro¬ 
vision also can be made for a limited number of breakfasts, luncheons, or 
dinners for special groups. 

SCHEDULE OF PROGRAMS 


Date and Time General Manufacturing Production Extension 

Monday 

June 23, 1947 Registration 

Tuesday 
June 24, 1947 

8:00 Registration 

9:30-12:00 Opening Session 

1:00- 4:00 Papers Papers Papers 

4:00- 5:00 Committees Committees Committees Committees 

8:00 Reception 

(Informal) 

Wednesday 
June 25,1947 

9:00-12:00 Papers Papers, A & B Session 

1:00- 1:30 Group Picture 

1:30- 5:30 Jobit Meeting and Symposiam 

1:30- 3:30 Papers ‘ 

3:30- 4:30 Business 

4:30- 5:30 Committees 

8:00 Mixer 

Thursday » 

June 26,1947 

9:00-11:00 Papers Papers Papers 

11:00-12:00 Business Business Business 

1:00- 3:00 Invitational Papers, A & B 

Papers 

1 : 00 - 2:00 
2:00- 3:00 
3:00- 5:00 
6:30 


Business 
Annual Banquet 


Papers 

Business 
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GENERAL PROGRAM 

Tuesday, June 24,1947 
Eastern Daylight Saving Time 

9:30-12:00 Opening Sessions, War Memorial Hall 

G. E. Raithby, Department of Animal Husbandry, presiding 

Introduction of Officers and Guests 
Address of Welcome 

W. R. Reek, Acting President of Ontario Agricul¬ 
tural College 

, Presidential Address 

Fordyce Ely, President, American Dairy Science As¬ 
sociation 

Guest Speaker 

IIon. George A. Drew, K. C., Premier of the Prov¬ 
ince of Ontario 
Announcements 
1:00- 4:00 Sectional Meetings 

Joint Meeting Production Sections A & B 
Field Husbandry Building 
Manufacturing Section 
Dairy Building 
Extension Section 

Animal Husbandry Building 
4:00- 3:00 Committee Meetings 
8:00 Reception (Informal) 

Wednesday, June 25, 1917 
9:00-12:00 Sectional Meetings 

Production Section A 

Field Husbandry Building 
Production Section B 

Field Husbandry Building 
Manufacturing Section 
Dairy Building 
Extension Section 

H’or Memorial Hall 

1 : 00- 1 : 30 Group Picture, Administration Building 
1:30- 5:30 Sectional Meetings 

Joint Meeting of Production Sections A & B and Ex¬ 
tension Section 

War Memorial Hall 
Manufacturing Section 
Dairy Building 
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3:30- 4:30 
4:30- 5:30 
8:00 

9 : 00 - 11:00 


11 : 00 - 12:00 


1:00-3:00 


3:00- 5:00 
6:30 


Business Meeting 

Manufacturing Section 
Committee Meetings 
Manufacturing Section 
Mixer 

Thursday, June 26,1947 
Sectional Meetings 

Joint Session Production Sections A & B 
War Memorial Hall 
Manufacturing Section 
Dairy Building 
Extension Section 

Animal Husbandry Building 
Business Meeting of Sections 
Production Section 
War Memorial Hall 
Manufacturing Section 
Dairy Building 
Extension Section 

Animal Husbandry Building 
Sectional Meetings 
Production Section A 

Field Husbandry Building 
Production Section B 

Field Husbandry Building 
Manufacturing Section 
Dairy Building 
Extension Section 

Animal Husbandry Building 
General Business Session 
War Memorial Hall 
Annual Banquet 

Creelman Hall 

Installation of Officers and Presentation of Ameri¬ 
can Dairy Science Association and Borden Awards 
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MANUFACTURING PROGRAM 
Tuesday, June 24 
Afternoon Session 
Dairy Building 
C. L. Hankinson, Chairman 
1: 00- 4: 00 Bacteriology 

Ml Application of the Phosphatase Test to Various Dairy 
Products. George P. Sanders and Oscar S. Sager, 
Bureau of Dairy Industry, U.S.D.A. 

M2 Time-Temperature Conditions Required to Inactivate 
Phosphatase in Different Dairy Products. George 
I\ Sanders and Oscar S. Sager. Bureau of Dairy 
Industry . U.S.D.A. 

M3 Detenu in ing the Germicidal Potency of Quaternary 

Ammonium Compounds and Their Use in Dairy Sani¬ 
tation. W. S. Mueller. D. 13. Seeley, and E. P. 
Larkin, Massachusetts State College. 

M4 Effectiveness of Hypochlorite and Quaternary Am¬ 
monium Germicides in Destroying Streptococcus 
agalactiac in a Mastitis Sanitation Procedure. K. R. 
Spurgeon, P. R. Ellikkr, W. J. Harper, and J. R. 
Frokdge, Purdue University. 

M5 The Resazurin Reductase Test Using Prepared Sterile 
Dry Vials. N. S. Golding, State College of Wash¬ 
ington . 

M6 Some Observations on the Inversion of Sucrose by 
Invertase. L. E. Mull and L. R. Arrington, Uni¬ 
versity of Florida. 

M7 Observations on the Microscopic Analysis of Raw and 
Pasteurized Milk. G. H, Watrous, Jr., Pennsyl¬ 
vania State College. 

M8 Au Activity Test for Cheddar and Cottage Cheese 
Starters. B. E. Horrall and P. R. Elliker, Purdue 
University . 

M9 Special Cultures for Manufacture of Blue Cheese 
from Pasteurized Milk. C. E. Parmelee and F. E. 
Nelson, Iowa State College. 

M10 Lipase Production by Mycotorula lipolytica. I. I. 
Peters and F. E. Nelson, Iowa State College. 

4:00- 5:00 Committee Meetings 
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Wednesday, June 25 
Morning Session 
Dairy Building 
C. L. Hankinson, Chairman 

9:00-12 :00 Dry Milk Powders and Cheese 

Mil The Vapor Pressure-Moisture Relationships in Dry 
Milk Products. R. W. Kunkel and S. T. Coulter, 
University of Minnesota. 

M12 Some Factors Influencing the Design of Spray Driers. 
Arnold Kitzer and S. T. Coulter, University of 
Minnesota. 

M13 Changes Produced in Milk on Heating. H. A. Hab- 
land, R. Jenness, and S. T. Coulter, University of 
Minnesota. 

M14 Some Changes in Dry Whole Milk during Storage. 
R. Jenness, S. T. Coulter, H. A. Harland, and L. K. 
Crowe, University of Minnesota. 

M15 The Relationship of Ascorbic Acid to the Keeping 
• Quality of Dry Whole Milk. S. T. Coulter and R. 
Jenness, University of Minnesota. 

M16 Factors Affecting the Ease of Reconstitution of Milk 
Powders. U. S. Ashworth and H. A. Bendixen, 
State College of Washington. 

M17 The Use of Noh-fat Dry Milk Solids for Mother and 
Batch Starters. B. E. Horrall and P. R. Elliker, 
Purdue University. 

M18 Influence of Per Cent Oxygen in the Headspace Gas 
of Container on the Quality of Dry Whole Milk dur¬ 
ing Storage for One Year. G. H. Wilster, Oregon 
State College. 

M19 A Comparison of the Yields of Cheddar Cheese Ob¬ 
tained from Raw, Holder Pasteurized and High 
Short-Time Pasteurized Milk. 0. W. Irvine, L. R. 
Bryant, D. C. Hill, and W. H. Sproule, Ontario 
Agricultural College. 

Wednesday, June 25 
Afternoon Session 
Dairy Building 
B. E. Horrall, Chairman 
1:30- 3:30 Chemistry • 

M20 A Study of the Volatile Acidity in Milk. P. G. 
Miller, P. L. Zimmerman, and E. B. Obebg, Carna¬ 
tion Company, Milwaukee, Wisconsin. 
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M21 Some Unique Properties of Lactose as a Dietary 
Carbohydrate. Lloyd K. Riggs, Kraft Foods Com¬ 
pany, Chicago, Illinois. 

M22 The Relationship between the Oxidation of Ascorbic 
Acid and the Development of the Oxidized Flavor in 
Milk. George R. Gbeenbank and Philip A. Wright, 
Bureau of Dairy Industry, U.8.D.A. 

M23 The Use of Carotene for Coloring Butter. G. A. 
Richardson and M. L. Long, University of California. 

M24 Graphic Procedure for Determining Quantitative Re¬ 
sults of Volumetric Analysis. W. I. Tretsven, Ad¬ 
visory Service, Chicago, Illinois. 

M2.) Some Chemical Reactions Involved in the Production 
of the Sunlight Flavor in Milk. D. G. Keeney and 
I). V. Josephson, Ohio State University. 

M26 A New Method for Determining Concentration of 
Quaternary Ammonium Germicide Solutions. W. J 
Harper and P. R. Elliker, Purdue University, and 
W. K. Moseley. Indianapolis, Indiana. 

M27 Ionic Exchangers in the Dairy Industry. 0. F. Gar¬ 
rett. M and R Dietetic Laboratories, Columbus, Ohio. 

3:30 - 4: 30 Business Session 

4: 30- .): 30 Committee Meetings 

Thursday, June 26 
Morning Session 
Dairy Building 
C. L. Hankinson, Chairman 

9:00-11:00 Ice Cream, Evaporated Milk, and Sanitation 

M28 A Microscopic Study of the Texture of Ice Cream, 
W. S. Arbuckle. University of North Carolina. 

M29 The Place of the Private Quality Control Laboratory 
in the Dairy Industry. M. A. Collins, Dryden, New 
York. 

M30 Newly Developed Cleaning Aids for the Dairy In¬ 
dustry. John R. Perry, Sealtcst, Inc., New York, 
N. Y. 

M31 Some Observations on the Role of Sulphydryls in 
Heated Milk. Stuart Patton and D. V. Josephson, 
Ohio State University. 

M32 The Utilization of the Mineral-Ion Exchange Prin¬ 
ciple in the Manufacture of Evaporated Milk. D. V. 
Josephson and C. B. Reeves. Ohio State University. 
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M33 The Manufacture of High-Solids Evaporated Milk. 
Mark Keeney and D. V. Jobephhon, Ohio State Uni¬ 
versity. 

M34 Condensing Whole Milk for lee Cream Mix with the 
Vacreator. G. H. Wilster, Oregon State College . 
M35 A Study of the Use of Nordihydroguairaitic Acid in 
the Storage of Frozen Sweet Cream. J. W. Stoll, 
E. 0. Herreid, and P. H. Tracy, University of 
Illinois. 

11:00-12:00 Business Session 

Thursday, June 26 
Afternoon Session 
Dairy Building 
C. L. Hankinson, Chairman 
1: 00- 3: 00 Special Invitational Papers 

Utilization of Whey. B. H. Webb. Bureau of Dairy In¬ 
dustry, tl.S.D.A. 

Milk Lipase. I. A. Gould, Dairy Department, University 
of Maryland. 

Continuous Methods for the Manufacture of Butter. A. 
W. Farrall, Agricultural Engineering, Michigan State 
College. 

Physical Chemistry as Applied to Ice Cream Manufacture. 
II. H. Sommer, University of Wisconsin. 

3:00- 5:00 General Business Session 
War Memorial Hall 
6:30 Annual Banquet 

Creelman Hall 

PRODUCTION PROGRAM 
Tuesday, June 24 
Afternoon Session * 

Field Husbandry Building 
Dwight M. Seath, Chairman 

1:00- 4:00 Sections A & B, Artificial Breeding, Heredity Studies, 
Cross Breeding ’ 

PI The Influence of Streptomycin upon the Livability 
and Bacterial Content of Bull Semen. J. O. Alm- 
quist, W. T. S. Thorp, and P. J. Glantz, Pennsyl¬ 
vania State College. 
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P2 Some Effects of Adding Thyroxine to Bull Semen. 
A. B. SoHULTza and H. P. Davis, University of 
Nebraska. 

P3 Total Digestible Nutrients and Protein Levels for 
Dairy Bulls Used in Artificial Insemination. Cecil 
Braxton, R. W. Bratton, and G. W. Salisbury, 
Cornell University. 

P4 A Study of Factors Affecting the Length of Gesta¬ 
tion in Dairy Cattle. H. A. Herman and R. W. 
Spalding, University of Missouri. 

P5 The Relationships of Frequency of Ejaculation, Age 
and the Ratio of Plasma Calcium and Phosphorus 
Levels to the Plasma Phosphatases of Dairy Bulls. 
J. T. Reid, G. M. Ward, R. L. Salsbury, and C. E. 
Shuart, New Jersey Agricultural Experiment Sta¬ 
tion. 

P6 Light Variation Associated with Conception Rate in 
Artificial Breeding. Ernest Mercier and G. W. 
Salisbury, Animal Industry Strvice , Department of 
Agriculture of Quebec. Canada, and Cornell Uni¬ 
versity. 

P7 Studies of Oxidative Mechanisms in Bull Semen. 
J. T. Reid. R. L. Salsbury. and G. M. Ward. New 
Jersey Agricultural Experiment Station. 

P8 Collecting Genetic Data through Cooperating Dairy¬ 
men. N. P. Ralston, S. W. Mead, and W. M. Regan, 
University of California. 

P9 Variation in the Type Ratings of Individual Ayrshire 
Cows. George Hyatt, Jr., and W. J. Tyler, West 
Virginia University. 

P10 Heritability of Type Ratings, and the Correlation be¬ 
tween Type and Butterfat Production of Ayrshire 
Cows. W. J. Tyler and George Hyatt, Jr., HVsf 
Virginia University. 

Pll Analysis of the Production Records of Cross-Bred 
Dairy Cattle. R. A. Hilder and M. H. Foiirman, 
• Bureau of Dairy Industry , U.S.D.A. 

P12 Progress Report on Cross-Breeding of Dairy Cattle 
at Beltsville. M. H. Fohrman, Bureau of Dairy In¬ 
dustry , U.S.D.A. 

P13 A Case of Intersex in Dairy Cattle. W. W. Yapp, 
University of Illinois. 

4:00- 5:00 Committee Meetings 



334 


JOURNAL OP DAIRY SCIENCE 


Wednesday, June 25 
Morning Session 
Field Husbandry Building 
Dwight M. Seath, Chairman 
9:00-12:00 Section A, Feeding and Management 

P14 Dairy Cattle Improvement Work of the Imperial 
Agricultural Research Institute—India. J. D. S. 
Kumaran, University uf Missouri. 

P15 The Use of the Pen Barn as a Means of Mastitis Con¬ 
trol. P. L. Kelly, D. F. Breazeale, G. S. Harsh- 
field, and A. B. IIoeulkin, South Dakota State 
College. 

P16 Report on Attempts to Prevent Mid-Summer Slump 
in Milk Production by Hay Feeding. D. M. Seath 
and G. D. Miller, Louisiana State University. 

P17 The Influence of Cracked Soybeans and Soybean Hay 
on the Flavor and Quality of Milk. Erle E. Bart¬ 
ley and C. Y. Cannon, Iowa State College. 

P18 The Value of Adding Ground Alfalfa Hay to the 
Concentrate Mixture Fed with Prairie Hay in Rations 
for Dairy Cows. A. II. Kuiilman and H. W. Cave, 
Oklahoma A. & M. College. 

P19 The Effects of Calcium and Other Mineral Elements 
on the Lipid Partition in the Feces of Milking Cows. 
G. M. Ward and J. T. Reid, New Jersey Agricultural 
Experiment Station. 

. P20 Cobalt Tolerance in Young Dairy Cattle. II. A. 
Keener, G. P. Percival, and K. S. Morrow, Univer¬ 
sity of New Hampshire, and G. II. Ellis, U. S. Plant, 
Soil and Nutrition Laboratory, Ithaca, N. Y. 

P21 Phosphorus Metabolism Studies. I. Secretion of 
Phosphorus in Milk as Determined with the Radio¬ 
active Isotope. C. L. Comar, W. A. Kri^nke, P. T. 
Dix Arnold, R. B. Becker, and George K. Davis, 
University of Florida. 

P22 Feeding Value and Digestibility of Dehydrated Sweet 
■ Potatoes. L. L. Rcsoff, D. M. Seath, and G. D. 
Miller, Louisiana State University. 
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George Wise, Chairman 

9:00-12:00 Section B, Colostrum, Mastitis, Milk Secretion 

P23 Studies on the Globulins of Bovine Colostrum. I. 
Isolation and Properties of a Water Soluble Globulin. 
R. G. Hansen and P. H. Phillips, University of 
Wisconsin. 

P24 Studies on the Globulins of Bovine Colostrum. II. 
The Absorptiou of Globulins by the Young Calf. 
R. G. Hansen and P. H. Phillips, University of 
Wisconsin. 

P25 Tocopherol Levels in the Colostrum and in the Early 
Milk of the Dairy Cow. D. B. Parrish, G. H. Wise, 
and J. S. Hughes, Kansas State College. 

P26 Action of Bacterial Filtrates Infused in the Mammary 
Gland. Max L. Dawdy and W. E. Petersen. Uni¬ 
versity of Minnesota. 

P27 The Effect of Intramammary Treatment for Mastitis 
upon Milk Production. Eric W. Swanson and H. A. 
Herman. University of Missouri. 

P28 The Use of Penicillin vs. Natural Recovery as a Means 
of Treatment of Mastitis. D. F. Breazeale, P. L. 
Kelly. G. S. Harsiifield, and A. B. Hoerlkin, South 
Dakota State College. 

P29 The Use of Non-Chlorine Disinfectants for the Wash¬ 
ing of Cows’ Udders. Robert H. Keith and Paul 
M. Reaves, Virginia Polytechnic Institute. 

P30 The Effect of Reduced Feed Intake on Mammary 
Growth and Lactation. J. F. Sykes, T. R. Wrenn, 
and S. R. Hall, Bureau of Dairy Industry. Agri¬ 
cultural Research Administration, U.S.D.A. 

P31 Further Studies on the Effect of Vitamin D on Some 
of the Blood Changes in Normal and Milk Fever 
Cows at Parturition. J. W. Hibbs, W. D. Pouxden, 
and W. E. Krauss. Ohio State University. 

P32 The Effect of the Quality and Quantity of Feed Pre- 
partum and Post-partum upon Blood Glucose and 
Blood Acetone Bodies. J. C. Shaw and G. M. 
Caibns, University of Maryland. 

P33 Vitamin A Deficiency in Dairy Cattle on Rations Con¬ 
taining Ground Raw Soybeans. J. C. Shaw, Univer¬ 
sity of Maryland, and L. A. Moore and J. F. Sykes, 
Bureau of Dairy Industry, Agricultural Research Ad¬ 
ministration, II.S.D.A. 
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Wednesday, June 25 
Afternoon Session 
War Memorial Hall 

W. T. Crandall and D. M. Seath, Co-chairmen 

1 : 30- 5:30 Joint Meeting with Extension Section 

Report of Dairy Cattle Health Committee, C. G. Bradt, 
Chairman. 

Symposium—Brucellosis in Cattle. 

3:00- 3:30 Recess 

Beport of Dairy Cattle Breeding Committee. E. J. Perry, 
Chairman. 

Beport of Breeds Belations Committee. H. A. Herman, 
Chairman. 

Symposium with Purebred Dairy Cattle Association par¬ 
ticipating, Getting the Most Out of Our Nation-Wide Test¬ 
ing Program. 

Thursday, June 26 
Morning Session 
War Memorial Hall 
Dwight M. Seath, Chairman 

9:00-11:00 Sections A & B, Roughage and Pasture 

P34 Values of Regular Corn Silage, Grainless Corn Silage 
and Ear Corn Silage in the Dairy Ration. Kenneth 
M. Dunn, Bay E. Ely, and Carl P. Huffman, 
Michigan State College. 

P35 Carotene Losses from Artificially Dehydrated Alfalfa 
and from Artificially Dehydrated Alfalfa Silage. 
R. G. Washburn, W. E. Ivrauss, and C. P. Monroe, 
Ohio State University. 

P36 Silage Density: Effect of Pressure, Time <and Crop 
Condition. A. E. Perkins and R. G. Washburn, 
Ohio State University. 

P37 The Comparative Feeding Value of Corn Silage and 
Corn-Treated Meadow Crop Silage, with and without 
the Addition of Dilute Acetic Acid. C. P. Monroe, 
A. E. Perkins, C. E. Knoop, and R. C. Thomas, Ohio 
State University. 

P38 The Digestibility of Coarsely Ground and Finely 
Ground Alfalfa for Dairy Heifers. Emo W. Swan¬ 
son and A. C. Ragsdale, University of Missouri. 
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P39 Drying Requirements, Losses Due to Drying and 
Quality of Forage Obtained in Mow Hay Drying Ex¬ 
periments at Beltsville. J. B. Shepherd, L. G. 
Schoenleber, H. G. Wiseman, and C. G. Melin, Bu¬ 
reau of Dairy Industry, Agricultural Research Ad¬ 
ministration, U.S.D.A. 

P40 Grazing Management Studies of Orchard Grass- 
Ladino Clover. P. S. Williams, V. G. Sprague, C. B. 
Knodt, and K. M. Autrey, Pennsylvania State Col¬ 
lege, and U. S. Regional Pasture Laboratory, State 
College, Pa. 

P41 The Evaluation of Several Grass-Legume Mixtures for 
Grass Silage and Aftermath Grazing. C. B. Knodt, 
V. G. Sprague, P. S. Williams, and K. M. Autrey, 
Pennsylvania State College , a7id the U. S. Regional 
Pasture Laboratory , State College, Pa. 

11: 00-12: 00 Business Meeting 

Thursday, June 26 
Afternoon Session 
Fit Id Husbandry Building 
Dwight M. Seath, Chairman 

1:00- 3: 00 Section A, Milk Secretion 

1*42 The Influence of Thyroprotein in the Ration of Dairy 
Cattle. Ralph P. Reece, Xnv Jersey Agricultural 
Ex per inn nt Station. 

P43 Some Effects of Feeding Thyroprotein to Dairy Cows. 
J. W. Thomas and Ij. A. Moore, Bureau of Dairy In¬ 
dustry , U.S.D.A. 

P44 The Effect of Thyroprotein and Feed Intake on the 
Heart Rate of Dairy Steers. J. F. Sykes. T. R. 
Wrenx, L. A. Moore, and J. W. Thomas, Bureau of 
Dairy Industry , Agricultural Research Administra¬ 
tion, U.S.D.A. 

P45 Further Observations on the Effects of Feeding 
Thyroprotein to Dairy Cows. A. H. Van Landing- 
ham, George Hyatt, Charles E. Weakley, Jr., and 
H. O. Henderson, West Virginia University. 

P46 Absorption and Elimination of Thiouracil in Rumi¬ 
nants. Ray E. Ely, Kenneth J. Olson, and E. P. 
Reineke, Michigan State College. 
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P47 The Influence of Thiouracil on Mammary Lobule- 
Alveolar Growth in Mice. John P. Mixner, New 
Jersey Agricultural Experiment Station. 

P48 Factors Influencing the Male Hormone Content of 
Cow Manure. C. W. Turner, University of Missouri. 

P49 Progress Report in Study of Certain Goitrogens. G. 
W. Pipes and C. W. Turner, University of Missouri. 

P50 The Effect of the Interval between Washing of the 
Udder and Attachment of Milking Machines upon the 
Bacterial Flora and Milk Production of Dairy Cows. 
C. B. Knodt, J. J. Reid, P. S. Williams, and E. M. 
Kesler, Pennsylvania State College. 

George Wise, Chairman 

1:00- 3:00 Section B, Calf Feeding 

P51 The Riboflavin Content of Cow’s Colostrum. T. S. 
Sutton and Harold E. Kaeser, Ohio State Uni¬ 
versity. 

P52 Some Possible Relationships between Management, 
Fore-Stomach Contents, and Diarrhea in the Young 
Dairy Calf. W. D. Pounden and J. W. Hibbs, Ohio 
State University. 

P53 The Effect of Feeding Various Levels of Vitamin A 
on the Depletion Time of Dairy Calves. W. C. 
Jacobson, H. T. Converse, and L. A. Moore, Bureau 
of Dairy Industry , U.S.D.A. 

P54 The Antirachitic Properties for Calves of Hay Har¬ 
vested by Field Curing, Barn Drying and Making 
Wilted Silage. L. A. Moore, Bureau of Dairy In¬ 
dustry, U.S.D.A. 

P55 Changes in the Cell Volume and in the Concentration 
of Several Inorganic Constituents in the Blood of the 
Dairy Calf during Its Early Post-Natal Develop¬ 
ment. G. H. Wise, M. J. Caldwell, D. B. Parrish, 
and J. S. Hughes, Kansas State College. 

P56 Distillers’ Dried Solubles and Grains with Solubles 
as a Supplement in Dairy Calf Rations. J. R. 
Schabinger and C. B. Knodt, Pennsylvania State 
College. 

P57 The Utilization of 0-Carotene, Vitamin A Alcohol, 
and the Natural Ester of Vitamin A by ffolatoiw 
Heifers. R. H. Ross, C. B. Knodt, and N. B. Gcer- 
rant, Pennsylvania State College. 



3:00-5:00 

6:30 


1:00-1:15 
1:15- 4:00 


4:00- 5:00 


9:00-12:00 
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P58 Soybean Oil Filled Milks for Feeding Young Dairy 
Calves. Norman Jacobson and C. Y. Cannon, Iowa 
State College. 

P59 The Placental Transfer and Colostral Storage of 
Vitamin D in the Bovine. H. D. Eaton, A. A. Spiel- 
man, and J. K. Loosli, Cornell University. 

P60 The Effect of Protein Level on the Nitrogen Metabo¬ 
lism and Gains in Weight of Growing Holstein Calves. 
G. P. Loforeen and J. K. Loosli, Cornell University. 
General Business Session 
War Memorial Hail 
Annual Banquet 
Creelman Hall 

EXTENSION PROGRAM 
Tuesday, June 21 
Afternoon Session 
Animal Husbandry Building 
W. T. Crandall, Chairman 

Opening Business Session 
Dairy Record Keeping 

Report of Dairy Records Committee. J. F. Kendrick. Bu¬ 
reau of Dairy Industry. U.S.D.A. 

Canadian Registration and Production Policies. G. E. 

Raithby, Ontario Agricultural College. 

The Ohio Dairy Service Plan. R. R. Starbuck. Ohio State 
University. 

Estimating the Yield of Pasturage on Farms (a) The 
Method; (b) Use in Dairy Herd Improvement. R. E. 
Hodgson, F. J. Arnold, J. B. Shepherd, and R. E. 
Sheaffer, Bureau of Dairy Industry, U.8.D.A. and the 
University of Maryland, cooperating. 

Committee Meetings 

Wednesday, June 25 
Morning Session 
War Memorial Hall 
W. T. Crandall, Chairman 

Teaching Methods and Exhibits 

Technicolor, sound Extension Teaching Movie, ‘‘The Chal¬ 
lenge to New York Dairymen”. 
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Inspection of Exhibits and Explanation of Each Exhibit 
by Person in Charge. 

Report of the Exhibit Committee. L. A. Johnson, Michigan 
State College. 


Wednesday,'June 25 
Afternoon Session 
Animal Husbandry Building 
W. T. Crandall and D. M. Seath, Co-chairmen 
1:30- 5:30 Joint Meeting with the Production Sections 
War Memorial Hall 

Report of Dairy Cattle Health Committee. C. G. Bradt, 
Cornell University. 

Symposium—Brucellosis in Dairy Cattle. 

3:00- 3:30 Recess 

Report of Dairy Cattle Breeding Committee. E. J. Perry, 
Rutgers University. 

Report of Breeds Relations Committee. H. A. Herman, 
University of Missouri. 

Symposium with Purebred Dairy Cattle Association par¬ 
ticipating, Getting the Most Out of Our Nation-Wide 
Testing Program. 


Thursday, June 26 
Morning Session 
Animal Husbandry Building 
• W. T. Crandall, Chairman 

9:00-11:00 Artificial Insemination and Pen Stabling 

Selection and Repeatability of Sires Used in Artificial In¬ 
semination. Ray Albrectsen, Cornell University. 

The Montana Elevated Cow Stall. J. O. Tretsven, Montana 
State College. 

The Uninsulated Pen Barn in Wisconsin. G. R. Barrett, 
University of Wisconsin. 

11:00-12:00 Business Meeting 
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Thursday, June 26 
Afternoon Session 


Animal Husbandry Building 
W. T. Crandall, Chairman 


1 : 00 - 2:00 


2:00- 3:00 
3:00- 5:00 

6:30 


4-H Club Programs 

Report of 4-H Club Committee. O. W. Veroeront, Uni¬ 
versity of Wisconsin. 

A 4-H Dairy Extension Program and Plan of Work. H. A. 

Wjllman, Cornell University. 

Business Meeting 
General Business Session 
TF«r Memorial Hall 
Annual Banquet 
Creel man Hall 
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THE RELATIONSHIP OP THE PREPAltTUM DIET TO THE 
CAROTENE AND VITAMIN A CONTENT OP 
BOVINE COLOSTRUM 

A. A. SP1ELMAN, J. W. THOMAS, J. K. LOOSLI, F. WHITING, 

0. L. NORTON, and K. L. TURK 
Department of Animal Husbandry, Cornell University , Ithaca 

The purpose of the experiments reported in this paper was to determine 
the relationship of the prepartum diet to the carotene and vitamin A content 
of bovine colostrum. 

The literature revealed scanty information concerning the effect of the 
feed of the dry cow upon the carotene and vitamin A content of colostrum. 
Kramer ft at. (5) reported values of 25 and 28 I.U. of vitamin A per gram 
of colostrum from two cows on rye pasture and values of 16 and 20 I.U. for 
two cows receiving winter rations. Henry et erf. (3) noted that cows on 
pasture before calving produced colostrum containing more carotene than 
barn fed cows, but that vitamin A was not affected. Stewart and McCallum 
(11) were unable to increase the vitamin A content of colostrum by feeding 
3 lbs. of carrots or one-seventh of a pint of cod-liver oil per day to cows on 
winter rations. The paucity of available information and the practical 
importance of colostrum seemed to warrant further study of this problem. 

PL AX OP EXPERIMENT 

Twenty-nine Holstein and four Guernsey heifers in the Cornell Univer¬ 
sity dairy herd were used in this experiment. These heifers had been on 
excellent pasture prior to the experiment and were considered to be in good 
physical condition. Approximately 60 daj r s before calving they were divided 
into four dietary groups. The experimental diets were as follows: A low- 
carotene ration composed of wheat straw and a commercial grain mixture 
containing 12 per cent of protein; a standard dry-cow fitting ration consist¬ 
ing of the same grain mixture plus good quality hay and corn silage; a caro¬ 
tene-rich ration made by supplementing the standard dry-cow ration with 
one million I.U. of carotene 1 daily; and a vitamin A-rich ration made by 

Beceived for publication January 27, 1947. 

i Commercial concentrate containing 50,000 I.U. per gram, purchased from General 
Biochemicala, Inc., Chagrin Falls, Ohio. 
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adding one million I.U. of vitamin A 2 daily to the standard dry-cow ration. 
Periodic determinations of the potency of the carotene concentrate were 
made by measuring the absorption of a petroleum ether extract in an Evelyn 
photoelectric colorimeter at 440 mp. Vitamin A potency of the shark-liver 
oil was determined by saponifying a weighed amount of the oil, dissolving 
the non-saponifiable portion in chloroform, and measuring the Oarr-Price 
reaction in an Evelyn photoelectric colorimeter. The carotene content of 
the hay (TJ. S. No. 1 timothy-clover mixed) was 31.6 /ig. per gram, and the 
corn silage contained 5 /ig. of carotene per gram on the fresh basis as deter¬ 
mined by a slight modification of the chromatographic method proposed by 
Charkey and Wilgus (2). Peed intakes were not recorded. The experimen¬ 
tal rations were fed until the cows calved, after which a regular milking herd 
ration was fed. 

Samples of colostrum were obtained on the first, third, and seventh days 
following parturition. The first sample, drawn shortly after parturition and 
before the calf had nursed, was obtained by pooling a pint of colostrum 
hand-milked from each of the four quarters of the udder. This sample was 
taken to represent the first colostrum as obtained by the calf following birth. 
After the first colostrum sample was taken, the cows were machine milked 
twice daily. All calves were removed from their dams at the end of the 
second day. The third and seventh day samples were taken from the sixth 
and fourteenth milkings postpartum. Carotene and vitamin A determina¬ 
tions were made according to the method of Boyer ft ah (3). 

RESULTS 

The mean values with their standard error as well as the individual 
values in each dietary group are given in tables 3 and 2. The significance 
of mean differences was determined by a t test. P values of 0.05 arbitrarily 
are considered as significant, and P values of 0.01 are considered highly sig¬ 
nificant (6). 

Carotene 

' The data presented in table 1 show the relationship of the prepartum diet 
to the carotene content of the colostrum. Carotene concentration is ex¬ 
pressed per unit of volume and per gram of butterfat. 

Pre-nursing sample. The difference between the means of the low-caro¬ 
tene group and the standard group is not significant, but the means of the 
carotene supplemented and the vitamin A supplemented groups are signifi¬ 
cantly higher when the results are expressed per gram of butterfat. The 
daily addition of one million I.U. of carotene to the standard fitting ration 
did not increase significantly the carotene content per 100 ml. of colostrum 
over that of the standard group. On the other hand, the mean value per 

2 Shark-liver oil, 41,000 I.U. per gram, generously supplied by National Oil Product# 
Co., Paterson, N. J. 
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TABLE 1 


The effect of the prepartum ration on the carotene content of colostrum 



pg. per 100 ml. 

pig. per gram butterfat 

Cow no. 

Pro- 

Third 

Seventh 

Pro- 

Third 

Seventh 


nursing 

day 

day 

nursing 

day 

day 


Low-carotene ration 


R-26 

3 

R-86 

8 

12 

13* 

17 

R-95 

24 

Mean ± S.E. 

142 

38 

65 

130 

47 

187* 

45 

169 

42 

85 ±19 

21 

21 

24 

61 

54 

102* 

19 

12 

28 

29 4 5 

22 

29 

29* 

15 

5 

5 

15 + 5 

22.9 

10.8 

12.3 

9.5 

10.8 

64.7* 

14.5 

18.2 

31.3 

13.8 + 1.6 

14.0 

4.2 

*.0 

5.8 

6.1 

20.6* 

4.4 

4.5 

2.6 

5.7+ 1.2 

3.2 

5.2 

8.0* 

2.9 

1.0 

0.9 

2.6 ± 0.8 



Standard dry-cow ration 



1 

208 

50 

21 

35.4 

9.6 

3.9 

7 

32 

61 

19 

21.4 

9.2 

3.7 

14 

170 

57 

19 

22.9 

8.1 

2.5 

R-74 

121 

40 

13 

33.5 

9.2 

3.4 

23 

70 

27 

25 

15.0 

6.5 

3.1 

34 

38 

58 

38 

23.0 

8.9 

9.2 

Mean + S.E. 

107 + 29 

49 + 4 

23 + 4 

25.2 + 3.3 

8.6 + 0.0 

4.3 +1.0 


Carotene-supplemented ration 


4 

m 

123 

44 

23.6 

16.5 

9.7 

5 

187 

66 

20 

31.8 

7.5 

2.8 

9 | 

336 

52 

18 

47.1 

9.5 

1.9 

10 | 

131 

63 

18 

41.4 

8.4 

3.1 

18 ! 

46 

48 

31 

44.6 

11.6 

3.2 

29* 

398* 

86* | 

41* i 

68.5* 

16.0* 

7.9* 

30* 

790* 

127* 

1 117* ; 

173.9* 

30.0* 

39.5* 

31 

124 

47 

13 J 

I 30.0 

5.7 

1.8 

32 

86 

96 

26 i 

21.9 

12 2 

3.2 

33 

140 

102 

31 ! 

1 48.6 

18.6 

5.2 

Mean + S.E. 

128 + 17 

75 + 10 | 

1 25 + 4 

36.1+3.7 

11.3 +1.3 

3.9 ± 1.5 



Vitamin A supplementcd ration 



o 

56 | 

105 

26 

40.2 

12.7 

6.2 

R-64 

100 i 

61 

35 

28.5 

11.4 

3.1 

6 

72 

38 

26 

24.1 

6.3 

3.1 

16 

400 

25 

1 

63.5 

3.5 

1.7 

20* 

111* 

80* 

34* 

73.7* 

16.8* 

5.4* 

22 

56 

■ 

17 

18.1 


4.4 

26 

132 

20 

32 

33.9 

2.7 

2.2 

27 | 

57 

28 

17 

14.5 

5.7 

1.6 

Mean + S.E. 

125 + 32 

46 + 13 

16 + 0.04 

28.7+4.1 

7.1+1.6 

3.2 ± 0.6 


* Guernsey not included in mean. 


gram of butterfat of the carotene-supplemented group is significantly higher 
(0.01 level) than that of the other groups. 

Third-day sample. The increase in carotene content per unit of volume 
and per gram of butterfat of the carotene-supplemented gijoup over that of 
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the other groups is highly significant. In contrast to the pre-nursing sample, 
the mean value of the low-carotene group is significantly lower than that of 
the standard group. 

TABLE 2 

The effect of the prepartum ration on the vitamin A content of colostrum 



fig. per 100 ml. 

fig. per gram butterfat 

Cow no. 

Pre- 

Third 

Seventh 

Pre- 

Third 

Seventh 


nursing 

day 

day 

nursing 

day 

day 


Low-carotene ration 


B-26 


32 


35.5 

21.4 


3 




51.3 

18.2 

9.7 

B-86 

320 

116 

36 


19.4 

6.5 

8 

694 

205 


51.0 

23.4 


12 

231 

214 


53.3 

24.4 


13* 

86* 

174* 

11* 

29.7* 

I 35.1* 

3.0* 

17 

172 

64 

47 

55.6 

14.7 

9.2 

R-95 

188 

62 

45 

19.6 

! 23.1 

9.6 

24 

216 

150 

24 

58.1 


4.3 

Mean ± S.E. 

278 ± 58 

117 ± 23 

44 ±6 

48.2 + 4.5 

19.8 ± 1.3 

7.9 + 1.1 


Standard dry-cow ration 


1 

418 

88 

29 

71.1 

16.9 

5.4 

7 

182 

97 

12 

121.6 

14.7 

2.3 

14 

735 

202 

70 

98.9 

28.8 


R-74 


71 

33 

44.3 

16.4 

8.6 

23 

626 

117 

98 

134.8 

28.3 

11.9 

34 

124 

163 

84 

75.9 


20.4 

Mean ± S.E. 

374 ±107 

123 ± 21 

54 ±14 

91.1 ±13.8 

21.7 ± 2.6 

9.7 ± 2.5 

Carotene-supplemented ration 

4 


201 

92 

91.7 

26.1 


5 


192 

39 

103.4 

21.9 

5.4 

9 

318 

95 

50 


17.4 

5.4 

10 

229 

182 

54 

85.4 

24.2 

9.3 

18 

55 

78 

225 

53.3 

18.9 

23,4 

29* 

335* 


44* 

115.9* 

19.2* 

8.5* 

30* 

397* 

57* 

24* 

87.4* 

13.5* 

4.0* 

31 

226 

87 

17 

54.7 

10.5 

2.7 

32 

142 

169 

65 

19.6 

21.6 

8.1 

33 

89 

93 

37 

30.8 


6.8 

Mean ± S.E. 

303 ± 87 

137 ± 19 

72 ±23 

67.4 ± 11.3 

19.7 ± 1.9 

10.2 ± 3.2 


Vitamin A-supplemented ration 


2 

199 

896 

98 

142.8 

108.5 

23.4 

B-64 

239 

216 

62 

68.1 

40.3 

12.8 

6 

429 

323 

43 

143.4 

54.0 

5.1 

16 

57601 

249 

67 

885.91 

35.5 

11.5 


309* 

358* 

101* 

199.6* 

75.4* 

16.0* 

22 

962 


79 

310.7 


20.7 

26 

1750 

181 

64 

184.3 

24.3 

11.9 

27 

540 

396 

139 

137.7 

80.8 

13.4 

Mean ± S.E. 

687 ±210 
1411* 

377 ±108 

79 ±11 

I 

164.5 ±32.9 
267.5* 

57.2 ±12.9 

14.1 ±2.3" 


* Guernsey, not included in mean, 
t XJnusuafly high value not included in mean. 
t Including value t. 



























































CAROTENE AND VITAMIN A OF BOVINE COLOSTRUM 347 

Seventh-day sample. Significant differences in the mean values of these 
samples are found only between the low-carotene group and the standard 
and carotene-supplemented groups. There is no difference per gram of 
butterfat. 

Vitamin A 

The effect of the prepartum ration on the vitamin A content of colostrum 
is shown in table 2. 

Pre-nursing sample. There are no significant differences in the mean 
values of the low-carotene, the standard, and the carotene-supplemented 
groups when the results are expressed on a volumetric basis. On the other 
hand, per gram of butterfat, the difference between the low-carotene group 
and the standard and carotene-supplemented groups is highly significant. 
Colostrum from the cows receiving the vitamin A supplement contained 409, 
313, and 384 /ig. more vitamin A per 100 ml. and 116, 73, and 97 /*g. more per 
gram of butterfat than that from the low-carotene, the standard, and the 

TABLE 3 


The relationship of the diet of the dry cow to the vitamin A potency of colostrum 


Ration 

Pro nursing 

Third day 

Seventh day 

Low-carotene ration 

1 XU 100 mlX 
1245 

1.U./10O ml.* 
516 

IJJ./IOO ml* 
201 

Standard dry-cow ration 

1674 

574 

254 

Carotene-supplemented ration 

i 1425 

773 

330 

Vitamin A-supplemented ration 

5850 

i 

1584 

343 


* Assuming 0.6 |*g. carotene = 1 I.U. 
Assuming 0.25 jig. vitamin A = 1 I.U. 


carotene-supplemented cows, respectively. These differences are highly sig¬ 
nificant. No explanation is apparent for the extremely high vitamin A 
value of the pre-nursing sample from cow no. 16. 

Third-day sample. There is no apparent, difference between the low- 
carotene, the standard, and the carotene-supplemented groups. The third- 
day sample of colostrum from the cows receiving the vitamin A supplement 
contained significantly more vitamin A than that from the other groups. 

Seventh-day sample. Seven days after calving little difference existed 
between the vitamin A content of the colostrum from the cows receiving the 
low-carotene, standard, and carotene-supplemented rations. However, the 
effects of vitamin A supplementation still were evident, as indicated by the 
significant increase per gram of butterfat of the vitamin A-supplemented 
group over the other groups. 

The total vitamin A potencies of the colostrum samples, expressed as I.U. 
per 100 ml., are given in table 3. These results are expressed on a volumetric 
basis as being representative of the vitamin A intake of the newborn calf. 
Colostrum from the vitamin A-supplemented cows contained 5,850 I.U. as 
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compared to 1,245 I.U. for the low-carotene group, 1,674 I.U. for the standard 
group, and 1,425 I.U. for the carotene-supplemented group.. Effects of the 
vitamin A supplementation still were evident on the third day, this colostrum 
being approximately three times more potent in vitamin A than that from 
the low-carotene or standard group. 

It was thought that the form of vitamin A present in the diet might be 
a factor in the mammary transmission of vitamin A. The data shown in 
table 4 indicate that the vitamin A present in colostrum is entirely of the 
ester form regardless of the prepartum ration. The analytical method used 
was essentially that described by Kaseher and Baxter (4) for separating the 
ester and alcohol forms of vitamin A. 

TABLE 4 


The relationship of prepartum diet to the form of vitamin A in colostrum 


Ration 

Breed 

Carote- 

Vitamin A 

noids 

Alcohol 

Ester 

Standard dry-cow 

H 

lig./lOO ml. 
101 

lig./100 ml. 
0 

\ig./100 ml. 
335 

Carotene (alfalfa leaf meal)-supplemented 

G 

440 

0 

363 

Vitamin A (ester form)-supplemented 

G 

724 

0 

1307 

Vitamin A (ester form)-supplemented 

II 

136 

o 

213 

Vitamin A (alcohol form)-supplemented 

II 

132 

i) 

325 

Vitamin A (alcohol form)-supplemented 

H 

158 

0 

251 

Vitamin A (alcohol form)-supplemented 

H 

172 

0 

!_ 

558 


The plasma carotene and vitamin A values of the experimental cows 60 
and 18 days before parturition have been reported (10). Using these values, 
highly significant positive correlations of 0.509 ± 0.14 and 0.523 ± 0.139 
were found between the plasma carotene and vitamin A 18 days before 
calving and the carotene and vitamin A content of the pre-nursing samples 
of colostrum. 

DISCUSSION 

The value of colostrum in combating scours and allied diseases of new¬ 
born calves' was demonstrated by Smith and Little (9). Later workers 
(8, 11) have associated the protective characteristics of colostrum with 
its high vitamin A content. The data presented here show that the pre¬ 
partum diet of the bovine may influence markedly the vitamin A activity of 
colostrum. 

Large variations in the carotene and vitamin A levels were observed 
among these samples of colostrum. Undoubtedly sampling procedure was 
a factor. However, it is not known whether the butterfat content and the 
associated fat-soluble vitamins of colostrum vary with the completeness of 
milking, as is the case with normal milk. By expressing the carotene and 
vitamin A content on a per gram of butterfat basis, the variations due to 
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sampling should be minimized, since it seems unlikely that the first drawn 
sample should contain more or less of the fat soluble vitamins per gram of 
butterfat than the last drawn sample. Further study of this problem is 
needed. 

The second finding in these studies is the lack of increase of vitamin A 
in the colostrum when one million l.U. of carotene was added daily to the 
standard dry-cow ration. These results are an interesting corollary to the 
relatively poor fetal storage of vitamin A in the newborn calves from these 
cows as previously reported (10). Specific differences in the efficiency of 
conversion of carotene to vitamin A, the stability of carotene in the digestive 
tract, and the action of vitamin E in conserving carotene and vitamin A may 
well be contributing factors. 

Although it has been shown that the prepartum diet and the concentra¬ 
tion of carotene ami vitamin A in the blood stream prior to the decline at 
parturition influences the level in the colostrum, the processes involved 
largely are a matter of speculation. Liver reserves of carotene and vita¬ 
min A probably play a part and may explain the relatively high colostral 
carotene and vitamin A of the low-carotene group, since these heifers were 
on excellent pasture prior to the experimental period. The accumulation 
of milk in the udder prior to parturition and the observation of Petersen and 
Rigor (7) that milk left in the udder for several days assumes the compo¬ 
sition of colostrum may indicate a simple storage phenomenon. 

The question warrants further study as to whether or not supplementing 
the dry-cow ration with extra vitamin A will result in superior performance 
by the newborn calf or the cow. • 


SUMMARY 

A study has been made of the relationship of the prepartum diet to the 
vitamin A and carotene content of bovine colostrum. Four different rations 
were fed to 29 Holstein and 4 Guernsey heifers during the last 60 days of 
their gestation periods. The rations were a low-carotene ration of w'heat 
straw and a concentrate mixture; a standard dry-cow ration of concentrate, 
mixed hay and corn silage; the standard ration supplemented with one mil¬ 
lion l.U. of carotene daily; and the standard ration supplemented with one 
million l.U. of vitamin A daily. 

Colostrum from cows receiving the low-carotene ration contained signifi¬ 
cantly loss, vitamin A per gram of butterfat than did colostrum from cows 
receiving the standard dry-cow ration. 

The carotene content per gram of butterfat in the colostrum from the 
carotene-supplemented cows w r as significantly higher than that from the 
other groups, although the vitamin A content was not increased. 

Colostrum from cows receiving the vitamin A supplement contained an 
average of 687 ftg. per'100 ml. or 164.5 ftg. per gram of butterfat, while the 
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colostrum from the standard dry-cow ration group contained only 374 n g. 
per 100 ml. or 91 fig. per gram of butterfat, showing that the vitamin A con¬ 
tent of colostrum may be influenced by the prepartum diet. 

Regardless of the form of vitamin A in the ration, the ester form of 
vitamin A predominated in the colostrum. 

Highly significant positive correlations were found between the plasma 
carotene and vitamin A of the cows 18 days before calving and the carotene 
and vitamin A content of the colostrum. 
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A STUDY OP A CREAM SEPARATOR BOWL WHICH IS CLEANED 
BY CENTRIFUGAL FLUSHING 


B. O. HERREID, P. H. TRACY, R. V. HUSSONG, and 8. L. TUCKBY 
Illinois Agricultural Experiment Station, University of Illinois, Urbana 

In 1938 the W. and J. Whitehead, Ltd., in Laisterdyke, England, sent a 
centrifugal cream separator to the Illinois Agricultural Experiment Station. 
The bowl of this machine was designed to provide cleaning and drying by 
centrifugal force. 1 In 1945, another Whitehead separator was received by 
the Experiment Station. Both machines were investigated under various 
conditions of operation. 


PRELIMINARY EXPERIMENT'S 

Tracy and Tuckey (8) in 1938 conducted a number of experiments with 
the English machine. The purpose of these early experiments w T as to study 
the automatic cleaning principle of this separator and ascertain its practical 
usefulness under farm conditions. The machine was used on two different 
farms near the Illinois Agricultural Experiment Station for periods of 5 to 
7 days. Its operation also was studied in the dairy laboratories of the 
Experiment Station and results compared with those of a well-known Ameri¬ 
can separator. The bacterial quality of the cream and skim milk was deter¬ 
mined. The results of 24 separations, involving 12 comparisons, indicated 
that the English machine compared favorably with the American machine 
when both were operated under comparable conditions. This preliminary 
investigation indicated that the English separator was cleaned easily, that 
it was practical, that dairymen were interested in its development, and that 
the two farmers who used the separator were pleased with its performance. 
The separator was returned to England and World War II delayed further 
developments. 


METHODS 

In general, the washing procedure after each separation was as follows: 

1. One pint of water at 100° F. was passed through the machine. 

2. Next, 20 lbs. of water containing approximately 0.1 per cent of a 

Received for publication February 28,1947. 

i The bowl has a specially constructed water distributor which allows cleaning solu¬ 
tions to flow from the supply tank to all parts of the bowl while it is in motion. In the 
shell of the bowl there are three discharge ports, equal distance apart, and each one is 
closed by a valve which is held in place by a steel spring. The tension in the steel spring 
is overcome by the centrifugal force bo that the ports are tightly closed when the bowl 
revolves at its normal speed. When the speed slackens to one-half that of normal, the 
valves open and cleaning solutions can be forced through with turbulent cleaning action. 
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detergent 2 was flushed through the machine. This flushing was accom¬ 
plished by first allowing the bowl to decrease in speed, which permitted the 
port valves to open; then about one-fourth of the water was allowed to run 
through. The speed of the bowl was increased, but not sufficiently to close 
the ports, and another one-fourth of the water was flushed through the bowl. 
This was repeated a third and a fourth time until all the water had been 
used. 

3. The speed of the bowl again was increased to force out the last par¬ 
ticles of water. 

/ 

4. The supply tank and spout assembly were brushed after each separa¬ 
tion (beginning with separation 37), using the detergent solution which pre¬ 
viously had been flushed through the bowl; and finally rinsed with water at 
about 100° P. 

5. Before separating each lot of milk, 25 lbs. of water at 165-170° P. 
was flushed through from the supply tank in about four equal portions. 
Samples of the whole milk, cream, and skim milk were taken with sterile 
pipettes, placed in sterile tubes, and cooled to about 35° F. with iced water. 
Plate counts for bacteria were made in duplicate, using tryptone-glueose- 
extract agar. The plates were incubated at 37° C., for 48 hours. Mold and 
yeast counts were made in duplicate on potato-dextrose-agar, acidified to pH 
3.5 with tartaric acid. The plates were incubated 4 days at room tem¬ 
perature. 

Fat tests were made by the Babcock method on the milk and cream and 
by the American Association method (3) on the skim milk in trials 2, 3, 4, 
and 5. 


EXPERIMENTAL 

In July, 1945, a new model of the English separator, slightly different 
in construction from the first one, was sent to the Experiment Station and 
subjected to more detailed investigation. In construction, the shell of the 
bowl and the water distributor were made of aluminum, while the cream 
screw and valve springs were made of brass and steel, respectively. The 
supply tank, spout assembly, and discs were not heavily tinned because of 
the existing tin shortage. 

Testing the centrifugal flushing principle. The inventor had claimed 
that this machine could be cleaned by centrifugal flushing and that it was 
unnecessary to disassemble the separator for cleaning except at infrequent 

* This detergent is called “Vel” and is the sodium salt of a sulfated monoglyceride. 
The coco-glyceride is chiefly used. The sodium sulfo-monoglyceride constitutes about 
30-55 per cent on a dry basis; moisture 1-2 per cent; tetrasodium pyrophosphate 8-9 per 
cent, and the balance is mostly sodium sulfate, resulting from the reaction in obtaining 
the sulfated monoglyceride salt. This detergent was used in all trials and the authors 
are indebted to the Palmolive-Colgate-Peet Company for the supply used in the experi¬ 
ments reported in this paper. 
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intervals. The objective in this series of separations was to operate the 
machine each morning and evening over a period of 2 weeks without dis¬ 
assembling it and to determine the effectiveness of centrifugal flushing by 
measuring the quality of the cream and Bkim milk with the plate count 
method. The results are given in table 1. The machine was operated 

TABLE 1 

The effect on the bacterial plate counts of the cream and the skim milk of operating 
the English machine for 28 separations (Trial 1) 


oration 

i 

Time 

| 

Counts per ml. of: 


no. 

Milk 

Cream 

Skim milk 

25 

a.m. 

37,000 

94,500 ! 

65,000 

2 f> 

p.m. 

37,100 

!)6,(l00 

13,700 

27 

a.m. 

7,900 

188.000 

10,400 

28 

p.m. 

8,600 

146,000 

7,800 

21 * 

a.m. 

7,000 

65,000 

54,000 

30 

p.m. 

4,200 

1 ,630,1)00 

* 

31 

a.m. 

13,800 

251,000 

6,400 

32 

p.m. 

7,600 ! 

3,700,000 

14,500 

83 

a.m. 

7,500 

35,000 

10,400 

34 

p.m. 

8,000 

1,250,000 

8,500 

35 

a.m. 

2,600 

50,000 

4,700 

36 

p.m. 

2,600 

1,300,000 

257,000 

37 

a.m. 

240,000 

115,000 

110,000 

38 

p.m. 

215,000 

174,000 

130,000 

30 

a.m. 

4,800 j 

2,100 

3,900 

40 

p.m. 

6,200 

2,000 

32.000 

41 

a.m. 

7,300 

1,000 

2.000 

42 

p.m. 

9,900 

26,000 

4,900 

43 

a.m. 

7,400 

151,000 

76,000 

44 

p.m. 

7,600 ! 

10,000 

9,700 

4 5 

a.m. 

3,900 

64,000 

3,900 

46 

p.m. 

5,500 

9,800 

47,000 

47 

a.m. 

2,900 

6,400 

5,900 

48 

pan. 

3,600 

4,900 

7,500 

49 

a.m. 

7,000 

4,900 

7,900 

50 

pan. 

7,000 

10,000 

9,700 

51 

a.m. 

471,000 

250,000 

321,000 

52 

p.m. 

449,000 

414,000 

806,000 


* Sample lost. 


without diassembling it through separation 36. The spout assembly was 
inspected and sour and putrid cream was found in the cream spout. Evi¬ 
dently the force of the washing solution from the bowl was not sufficient to 
remove adhering cream. Beginning with separation 37, the supply tank 
and spout assembly were washed by brushing each morning and evening 
with the water that previously had been flushed through the bowl. Includ¬ 
ing separation 38 and through the remainder of this trial, with the exception 
of separation 43, the plate counts of the cream do not reveal any significant 
contamination from one separation to the next. The only cream samples 
that revealed any yeasts and molds were those from separation 50, which 
showed 1 yeast and 1 mold colony; separation 51, which showed 1 yeast and 
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9 mold colonies; and separation 52, which showed 17 mold colonies per ml. 
The plate counts of the milk separated each morning and evening agreed 
closely, as expected, since the milk was obtained from the same lot. 

The bowl was taken apart aftfer separation 52. The lock ring had a bad 
odor as the result of milk solids which had accumulated in the threads, for 
it had not been tightened sufficiently at the beginning of the trial. The 
shell of the bowl was clean, but the dividing disc had some milk solids at 
the points opposite the holes in the discs. The top disc had a slight deposit 
of milk solids around each hole, and the amount of this deposit became 
progressively greater from the top to the bottom disc. The lower surface 
of the milk distributor had some adsorbed milk solids. 

The inventor had claimed that the centrifugal flushing action from the 

TABLE 2 


The effect on the bacterial plate counts of the cream and shim milk of operating the 
English machine for 14 separations without disassembling the bowl f 
using a combination of detergents (Trial 2) 


Separation 

no. 

Time 

Counts per ml. of: 

Milk 

Cream 

Skim milk 

53 

a.m. 

9,500 

4,200 

16,000 

54 

p.m. 

13,000 

3,500 

18,000 

55 

a.m. 

8,300 

5,600 

11,000 

56 

p.m. 

9,800 

7,600 

20,000 

57 

a.m. 

20,000 

4,800 

25,000 

58 

p.m. 

260,000 

8,000 

40,000 

59 

a.m. 

300,000 

15,000 

10,000 

60 

p.m. 

15,000 

4,000 

*2,600,000 

61 

a.m.. 

8,000 

1,400 

5,500 

62 

p.m. 

4,200 

1,400 

4,800 

63 

a.m. 

11,000 

*4,500 

5,800 

64 

p.m. 

10,500 | 

*14,000 

10,000 

65 

a.m. 

120,000 

*75,000 

150,000 

66 

p.m. 

15,000 

50,000 

332,000 


* Spore-forming bacteria were present. 


bowl also would be sufficient to clean the spout assembly. However, this 
series of separations proved conclusively that it is necessary to wash the 
supply tank and spout assembly after each separation. This was done in 
all the remaining trials. 

In a second trial, the detergent “Vel” was combined equally by weight 
with another detergent and the mixture used in a concentration of about 
0.1 per cent. The washing procedure was the same as that used in the pre¬ 
vious experiment The results are recorded in table 2. The machine was 
disassembled at the termination of the trial, and the underneath surfaces of 
all the discs had an adsorbed layer of white material which was, in all 
probability, a precipitate from the combined detergents. There was no 
separator dime on the inner wall of the bowl, but small amounts of solid 
materials were deposited near two of the discharge ports. 
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Washing the bowl without a detergent. A third trial was conducted to 
determine if the bowl could be washed without a detergent. Following the 
flushing of the bowl with the hot water, a pint of cold water was run through 
the machine to cool it so that milk would not adhere to the metal. The 
supply tank and spout assembly were washed as in previous trials, with the 
detergent solution. The milk separated each morning and evening was 
from the same lot. 

The results in table 3 do not reveal any great increases in plate counts 
of the cream that could be attributed to contamination in the bowl from the 
preceding separation. The plate counts for bacteria in the cream and skim 

TABLE 3 

The plate counts of the cream and slim milk obtained with the English machine 
when no detergent was used to wash the bowl during 
14 separations (Trial S) 


Separation 

no. 


Counts per ml. of: 

Time 

Milk 

Cream 

Skim milk 

Bacteria 

Bacteria 

Yeasts 

Molds 

Bacteria 

67 

a.m. 

49,000 

1 42,000 i 


5 

96,000 

68 

p.m. 

63,000 

36,000 


8 

114,000 

69 

a.m. 

1 142,000 

106,000 

i 

16 

170,000 

70 

p.m. 

! 180,000 

93,000 


11 

210,000 

71 

a.m. 

J 10,000 

4,200 ! 

o 

6 

14,000 

72 

i p.m. 

1 11,000 

5,300 

4 

7 

14,000 

73 ! 

a.m. 

j 4,500 

4,100 

2 

4 

6,600 

74 

p.m. 

i 6,100 

2,300 


3 

6,800 

75 

a.m. 

71,000 

4,200 

1 

5 

86,000 

76 

p.m. 

70,000 

6,600 


6 

87,000 

77 

a.m. 

2.800 

9,200 


! 9 

51,000 

78 

p.m. 

36,000 

11,000 


7 

47,000 

79 

a.m. 

230,000 

129,000 

1 

! 2 

389,000 

80 

p.m. | 

276,000 

142,000 


3 

328,000 


milk obtained from the duplicate lots of milk that were separated each day 
are in close agreement. 

Examination of the various parts of the bowl revealed a very slight 
deposit of milk solids near the holes on the lower side of the first disc. This 
formation became progressively greater on each disc from top to bottom, 
whereas the upper surface of every disc was free from milkstone. The base 
of the bowl spindle was covered with a thin film of white material which 
was lightly adsorbed. The outer surface of the binding ring had a layer 
of milkstone, but there was no other deposit on the outside of the bowl. 

Comparing the English and the American separators. A fourth trial 
was conducted to compare the quality of the cream and skim milk obtained 
by separating duplicate lots of milk with the English and the American 
separators. The American machine was washed after each separation by 
the rapid method suggested by Rudnick (7) except that 25 lbs. of water at 
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165-170 c F. was passed through it immediately before each separation. The 
procedure for the English separator was the same as that outlined. Two 
10-gallon cans of milk were obtained from the University dairy. The milk 
from one can was mixed well and divided equally each morning; one half 
of it was separated with the American and the other half with the English 
machine. The same procedure was repeated in the evening with the other 
can of milk, which had been held at 35-40° F. The results are summarized 
in table 4. The plate counts of the cream from separations 82 and 106 with 
the English machine are higher than the comparable plate counts from 
separations 81 and 105 with the American machine. The plate counts for 

TABLE 4 

Comparison of the bacterial plate counts of the cream and skim milk obtained 
by separating duplicate lots of milk with the American 
and English machines (Trial 4) 


Separation 

nos. 

Time 

Counts per ml. of: 

Milk 

Cream 

Skim milk 

American 

English 

American 

English 

81,* 821 

a.m. 

3,700 

3,800 

11,000 

3,400 

5,600 

83, 84 

p.m. 

2,300 

1,100 

1,500 

2,000 

2,200 

85, 86 

a.m. 

6,800 

3,200 

2,000 

4,800 

5,300 

87, 88 

p.m. 

30,600 

2,500 

700 

7,500 

6,800 

89, 90 

a.m. 

2,700 

1,200 

],500 

2,400 

2,900 

91, 92 

p.m. 

900 

900 

600 

2,000 

900 

93, 94 

a.m. 

10,400 

t 

+ 

+ 

9,800 

11,000 

95, 96 

p.m. 

2,000 

600 

1,500 

2,800 

1,900 

97, 98 

a.m. 

1,700 

4,200 

900 

2,600 

2,500 

99, 100 

p.m. 

5,500 

500 

2,400 

2,100 

2,600 

101 , 102 

a.m. 

2,000 

400 

1,900 

2,400 

2,900 

103, 104 

p.m. 

1,100 

600 

800 

1,600 

1,700 

105, 106 

a.m. 

1.700 

500 

38,000 

1,100 

3,000 

107, 308 

p.m. 

3,500 

400 

4,800 

1,600 

1,200 


* Odd nos. represent separations with the American machine, 
t Even nos. represent separations with the English machine. 
t Samples lost. 


the cream in the other 12 comparisons and those for all the skim milks 
obtained with both machines agreed closely. , 

The bowl of the English machine was sanitary at the end of the trial 
except for the three bottom discs, which showed slight traces of dried milk 
solids. There was not the slightest trace of milk solids on either the inner 
shell or the outer surface of the bowl. The rapid procedure used to wash 
the American machine did not remove all milk solids from the lower surfaces 
of all the discs. 

Separating milk of inferior quaMty. The milk separated with the 
English machine in the preceding trials was of good quality, as indicated 
by relatively low plate counts. It was deemed advisable to determine the 
effect of separating milk of poor quality on the plate counts of the cream 
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and skim milk and on the centrifugal flushing ability of the bowl in the 
English machine. Two 10-gallon cans of milk were obtained and dumped 
into a yat, mixed well, and poured back into the same cans. One can of 
milk was separated immediately and the other was held at 36-40° P. and 
separated in the evening. The washing procedure was the same as that 
outlined. 

With the exception of separation 112 (table 5) there was little evidence 
of contamination from one separation to the next, as indicated by the bac¬ 
terial plate counts of the cream. Except for separations 109 and 110, there 
is fairly close agreement in the plate counts of the skim milk each morning 
and evening from the duplicate lots of milk. The milk used in separations 

TABLE 5 

The effect on the plate counts of the cream and skim milk of separating milk of 
poor quality with the English machine (Trial 5) 




Counts per ml. of: 

Separation 

no. 

Time 

Milfc 

Cream 

Skim milk 



Bacteria 

Bacteria 

Yeasts 

Molds 

Bacteria 

109 

a.m. 

12,500,000 

1,650,000 

o 

6 

2 ,220,000 

1 X0 

p.m. 

16,000,000 

3,100,000 



23,000,000 

111 

a.in. 

20 ,000,000 

6,400,000 

2 

12 

21,500,000 

112 

p.m. 

32,500,000 

18,400,000 

100 

o 

14,700,000 

113 

a.m. 

1 ,200,000 

1,500,000 

130 

100 

4,700,000 

114 

p.m. 

5 ,*00,000 

1,450,000 

80 

10 

4,100,000 

115 

a.m. 

4,200,000 

9,300,000 

4 

7 

5,500,000 

116 

p.m. 

4,400,000 

7,200,000 

4 

5 

3,900,000 

117 

a.m. 

300,000 

250.000 

9 

2 

330,000 

118 

p.m. 

430,000 

220,000 

4 | 

5 

450,000 

119 

a.m. 

1 ,000,000 

460,000 

12 

7 

1,300,000 

120 

p.m. 

1,500,000 

420,000 

250 

3 

1 ,000,000 

121 

a.m. 

5,800,000 

8 ,000,000 

12 

o 

8 ,200,000 

122 

p.m. 

3,200,000 

6,500,000 

5 

3 

8,600,000 


119 and 120 showed evidence of mastitis, as indicated by the presence of 
dark-colored coagulated material on a sediment disc. The inner shell of 
the bowl was inspected and found to be clean before proceeding with separa¬ 
tion 119. Immediately after completing separation 120 and after washing 
by the prescribed procedure, dark material was found adsorbed on the inner 
shell of the bowl. This material had accumulated during separations 119 
and 120 and ivas not removed by the washing procedure. A sediment test 
was made of the milk used in separations 119 to 122, inclusive, and the disc 
scored 6.5 and 7, which is indicative of the poor quality of the milk. At the 
conclusion of the trial the three bottom discs had small amounts of adsorbed 
milk solids, but the others were bright and clean on the upper and lower 
surfaces. 

In trial 5, the fat content of the milk averaged 4.6 per cent and that 
of the resulting cream, 57.43 per cent. The cream contained a higher per- 
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centage of fat in this trial because the screw on the bowl did not permit a 
sufficient range of adjustment for milk of high fat content to obtain cream 
of what might be called normal fat content. In spite of the high fat con¬ 
tent of the cream, the bowl was remarkably well cleaned up to and including 
separation 118, as indicated by the appearance of the inner shell. 

Distribution of bacteria, in the cream and the skim milk . This study 
provided data on the distribution of the bacteria in the cream and skim 
milk. The results from trials 2, 3, 4, and 5 are shown in table 6; trial 1 was 
excluded because it was preliminary. In 85 per cent of the separations 
with the English machine, the cream had a lower plate count for bacteria 
than the skim milk; in 80 per cent of the separations the cream had a lower 
count than the original milk. Similar results were obtained by Tracy and 
Tuckey (8). The results in table 4 also show that the cream obtained with 

TABLE 6 

Comparative distribution of the plate counts of the milky cream , and skim milk 
for 55 separations with the English separator 
(Trials 2, 3,'4, and 51 


Plate counts of: 

Total 

No. 

% 

Cream lower than skim milk 

47 

85 

Cream higher than skim milk 

8 

15 

Cream lower than milk 

44 

80 

Cream higher than milk 

11 

20 


the American machine had a lower plate count than the skim milk in 11 
of 13 comparisons. These data agree with the results of seven separations 
reported by Ulvin and Cree (9). The other data reported in the literature 
do not agree on the distribution of bacteria in cream and skim milk obtained 
by centrifugal separation. Eckles and Barnes (2) and Anderson (1) re¬ 
ported higher plate counts in cream than in skim milk. The results of 
Lamson (5) indicate less or only slightly more bacteria in separated cream 
than in the whole milk, but that the skim milk contained fewer bacteria than 
the whole milk. Leete (6) in 100 separations did not find much difference 
in the bacterial counts of cream, skim milk, and whole milk, the average 
counts being 501,000, 313,000, and 435,000 per ml., respectively. 

The factors which determine the distribution of bacteria in cream and 
skim milk obtained by centrifugal separation should be studied in more 
detail because of the implications in determining bacterial standards for 
market cream. It is probable that the physical state of the fat globules 
and their membrane materials, the temperature of the milk, and the types, 
numbers, and specific gravity of the microorganisms are factors which deter¬ 
mine their retention by either the cream or the skim milk. 

Skimming efficiency . The skimming efficiency of the English machine 
was determined in trials 1, 2, 3, 4, and 5. The results assembled in table 7 
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TABLE 7 

The milk fat content of the skim milk from 84 separations with 
the English machine 


% milk fat in skim milk 

No. of separations 

0.03 

1 

* 0.04 

2 

0.05 

8 

0.06 

11 

0.07 

20 

0.08 

14 

0.09 

11 

0.10 

6 

0.11 

o 

0.12 

3 

0.13 

1 

0.14 

0 

0.15 

3 

0.16 

0 

0.17 

0 

0.18 

0 

0.19 

0 

0.20 

o 

Mean 0.08 

84 


indicate an average of 0.08 per cent fat in the skim milk, which compares 
favorably with results reported in the literature (4) of 0.06 to 0.08 per cent 
fat in the skim milk for a factory separator. In trial 5,14 comparisons were 
made with the American and English machines. While the fat tests of the 
skim milk were slightly lower for the American machine, the data are insuffi¬ 
cient to draw definite conclusions. 

Time required to wash the English separator. Washing this separator 
by centrifugal flushing of the bowl, including brushing and rinsing the sup¬ 
ply tank and spout assembly, varied from 3.5 to 5.5 minutes, depending on 
the experience of the operator. A person accustomed to the procedure can 
wash this machine after each separation in about 3 minutes and assemble it 
for operation in about 0.5 minute. When each experimental trial was ter¬ 
minated, the supply tank, spout assembly, and the bowl were disassembled, 
the discs inspected and washed, and the machine reassembled. The time 
required for this operation for one person for whom records are available 
was 17 minutes. 

discussion 

The experiments reported indicate that the English separator cannot be 
cleaned entirely by centrifugal flushing, as originally claimed by the inven¬ 
tor. However, the bowl can be washed easily and quickly without dis¬ 
assembling it; the supply tank and spout assembly must be washed after 
each separation. The bowl was cleaned remarkably well by the flushing 
action of the washing solutions, even though it was necessary to use a mild 
detergent of low alkalinity because of the aluminum bowl and some of its 
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parts and because of the inadequately tinned discs, supply tank, and spout 
assembly. 

The fact that the plate counts of the cream were lower than those of the 
skim milk in 85 per cent of the separations is of interest, but it is question¬ 
able if these results can be attributed to any superiority of the English 
machine as similar results were obtained in a few trials with the Aiherican 
machine and in a limited number of trials by other investigators (9). 

The skimming efficiency of the English machine of 0.08 per cent fat in 
the skim milk, using the American Association method (8), compares favor¬ 
ably with results reported for a factory separator. 

This separator has been demonstrated to be practicable for farm use. 
Furthermore, the useful life of the bowl will be prolonged because it will 
have to be disassembled and washed less frequently than present machines. 

conclusions 

1. The bowl of the English separator can be washed properly by cen¬ 
trifugal flushing with two separations daily over a period of 1 to 2 weeks. 

2. In the great majority of cases, there was no significant contamination 
from one separation to the next, as indicated by the plate counts of the 
cream and of the skim milk. 

3. Presence of 0.08 per cent fat in the skim milk from the English 
separator as determined by the American Association method compares 
favorably with results obtained with a factory separator. 

4. The plate counts of the cream were lower than the skim milk in 85 
per cent of the cases and lower than the milk in 80 per cent of the cases. 
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THE EFFECT OF SULFANILAMIDE IN THE DILUENT UPON 
FERTILITY OF BULL SEMEN 


G. W. SALISBURY and C. B. KNODTi 
Laboratory of Animal Breeding and Artificial Jnsemination, 

Department of Animal Husbandry, Cornell University, Ithaca, N. Y. 

Since 1939, when the possible effects of bacteria on the results of meta¬ 
bolic studies with spermatozoa or on the results of artificial insemination 
were first discussed by Salisbury et al. (9), this laboratory has been engaged 
in seeking a solution to that problem (3, 4, 5, 8). Recently, Knodt and 
Salisbury (5) have shown that 300 mg. of sulfanilamide added per 100 ml. 
of yolk-citrate diluent resulted in significant improvements in the livability 
of bull spermatozoa stored in this diluent. The sulfanilamide effectively 
controlled most of the bacteria normally found in semen and also depressed 
carbohydrate and oxygen utilization, but it increased the accumulation of 
lactic acid. Whether or not the stimulation of the spermatozoa to greater 
livability was due to the control of bacteria or to the effect on their metabo¬ 
lism was not proved. 

The present paper deals with the fertility of bull spermatozoa when 
diluted with yolk-citrate to which sulfanilamide was added at the rate of 
300 mg. per 100 ml. 

EXPERIMENTAL 

Three different experiments were conducted to determine the effect of 
sulfanilamide on fertility. Each was planned so that the diluent treat¬ 
ments were effectively randomized among the samples of semen collected 
and used from each experimental bull. The bulls used were those owned 
by the New York Artificial Breeders’ Cooperative, Inc., and inseminations 
were made by the regularly employed inseminators on cows owned by the 
members. 

The first experiment. The first study was conducted in June, 1945. It 
was designed to compare the regular yolk-citrate diluent with a yolk-citrate- 
sulfanilamide diluent containing 300 mg. of added sulfanilamide per 100 
ml. and, also, a yolk-citrate-glucose diluent containing 540 mg. of added 
glucose per 100 ml. The latter diluent was used to determine the effect of 
added glucose upon fertility, for it had been shown earlier (10) that glucose 
effectively increased livability of and lactic acid production by bull sper¬ 
matozoa. 

The citrate buffer containing 3.6 g. of sodium citrate (dihydrate) 
per 100 ml. was prepared with water distilled in glass and autoclaved for 
20 minutes at 15 lbs. pressure. Glucose was made up in approximately 

Received for publication March 7, 1947. 
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isotonic solutions (5.4 per cent) and sterilized in the same way as the 
citrate solutions. The yolk-citrate-glucose diluent was prepared by adding 
20 ml. of isotonic glucose solution to 80 ml. of citrate buffer, and this 
mixture was added to 100 ml. of yolk to give a level of 540 mg. of glucose 
per 100 ml. Various multiples of these proportions were utilized, depend¬ 
ing upon the total need for diluent. 

The citrate-sulfanilamide solution was prepared by heating water dis¬ 
tilled in glass to approximately 80° C. and then dissolving in it the desired 
amount of sulfanilamide and citrate to give a final concentration of 3.6 g. 
sodium citrate (dihydrate) and 600 mg. of sulfanilamide per 100 ml. This 
solution was made up to a predetermined volume before autoclaving at 15 
lbs. pressure for 20 minutes. Equal volumes of yolk and citrate-sulfanil¬ 
amide solution then were mixed for the final diluent. In the first investiga¬ 
tion, all diluents were made up before the investigation started and no pre¬ 
cautions were taken to prevent direct light from falling on the citrate-sulf¬ 
anilamide diluent during the 26 days which were required to complete the 
collections. 

Ten hulls were used, 5 Holsteins and 5 Guernseys. Three collections at 
intervals of 1 week to 10 days were taken from each bull, and the diluent 
to be used for any particular collection for any one bull was assigned at 
random. Thus each bull was a block and the design was that of a random¬ 
ized block. 

All semen was diluted so that each milliliter of diluted semen contained 
30 million spermatozoa. This was done in order not to have dilution rates 
as a confounding factor. Later (7) it was found that this precaution was 
unnecessary within the limits of dilution used and it was not continued in 
the two subsequent experiments. Semen was shipped to 47 member units 
of the Cooperative. 

Table 1 shows the data for the average quality characteristics of the 
semen used with each diluent. Statistical analysis of the data showed no 
significant differences between the semen samples used for each treatment. 
As can be seen, additions of glucose apparently increased methylene blue 
reduction time, but this difference was not statistically significant. Also, 
the results of the inseminations are shown in table 1. It is obvious that 
no difference in fertility was found between the yolk-citrate and the yolk- 
citrate-sulfanilamide diluents in this experiment. 

In view of our more recent investigations, the authors are of the opinion 
that as a consequence of storing in clear bottles on the laboratory desk, the 
sulfanilamide in the alkaline citrate (pH about 7.45) was oxidized by the 
action of light, as evidenced by a slight browning, and thereby lost its 
effectiveness. This view is supported by data from a later experiment in 
which a limited number of ejaculates were treated with freshly prepared 
eitrate-sulfanilamide as compared to the citrate-sulfanilamide diluent which 
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TABLE 1 


Average semen quality characteristics and fertility results in the first experiment 


Semen character 


Diluent used 


Yolk-citrate 

Yolk-citrate- 

glucose 

Yolk-citrate- 

sulfanilamide 

Concentration 




1,000 Vmm.3 . 

1,232 

1,280 

1,190 

Motility, % 

80.0 

79.0 

79.0 

Methylene blue reduction time, 
min. 

3.88 

4.68 

4.08 

Fertility 

Services, no. 

786 

720 

767 

5-mo. N.R.,* no. 

377 

352 

368 

5-mo. N.R., % ... 

48.0 

48.9 

48.0 


* N.R. = non-returns to service. 


had been exposed to light. The action of light brought about changes in 
the sulfanilamide solution so that it failed to stimulate spermatozoan liva¬ 
bility. 

The addition of glucose to the citrate resulted in a slightly smaller pro¬ 
portion of returns to service during the 5 months following service, but the 
difference was not mathematically significant. There was some evidence 
in the data that the samples to which the glucose was added had been used 
more days in the field than the other samples, but again this difference was 
not statistically significant. 

The second experiment. The second fertility experiment was conducted 
in November, 1945. The design was essentially the same as in the first 
experiment. Collections from ten bulls, 5 Holsteins and 5 Guernseys, were 
made twice with an interval of 7 to 11 days. To one or the other of these 
collections the diluent to be used, yolk-citrate or yolk-citrate-sulfanilamide, 

TABLE 2 


Average semen quality characteristics and fertility results in the second experiment 



Diluent used 

Semen character 

Yolk-citrate 

Yolk-citrate- 

sulfanilamide 

Concentration 



1,000 ’s/mm.*. 

Motility, % ._. 

1,189 

1,187 

79.5 

78.5 

Methylene blue reduction time, min. 

4.82 

4.88 

Fertility 

Services, no.. 

5-mo. NJL,* no. i 

676 

765 

379 

476 

5-mo. NJL, % ... 

56.1 

62.2 


* NJt. as non-returns to service. 
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was assigned at random. In this investigation the two buffers for the 
diluents were made up and sterilized as described above, but were stored 
in the dark during the 18 days required to complete the semen collections. 
The diluted semen was shipped to 66 lqcal units of the Cooperative. Table 
2 gives the average semen quality characteristics and the results of the in¬ 
seminations. 

In this experiment the results were strikingly different from those ob¬ 
tained in the first one. An analysis of covariance, using the number of ser¬ 
vices as the independent variable and 5-month non-returns as the dependent 
variable, indicated that the 6.1 per cent difference in level of fertility for 
the diluents was mathematically significant at the 5 per cent level of proba¬ 
bility. 

The varying results of the first and second experiments suggested that 
the different fertility levels observed might be due simply to the random 
variability typical of biological experiments. The number of sulfanilamide- 
treated semen samples was small, only 10, and the level of odds for the 
differences in fertility was just barely over the 5 per cent point. 

The third experiment. A third experiment was planned to test the 
matter more thoroughly. It was desired to study not only the effect of 
sulfanilamide on fertility, but to study certain other questions as well. 
Work by Gunsalus et aZ. (4) had indicated that first ejaculates contained 
a higher concentration of bacteria than did second ejaculates collected a 
few minutes later. Mercier et al. (6) found that first ejaculates were more 
concentrated, but were of lower volume and contained spermatozoa of which 
a somewhat smaller percentage were motile. As far as was known, no con¬ 
trolled investigation had been conducted to determine whether first ejacu¬ 
lates were less fertile than second ones, though such an opinion was known 
to be held by some workers in this field. If such opinions were found to be 
based upon fact, the question arose as to whether sulfanilamide, supposedly 
by bacteriostatic action, would eliminate the difference between first and 
second ejaculates. 

The third experiment was conducted during June, 1946, and 16 bulls, 
12 Holsteins and 4 Guernseys, were used. The bulls within a breed were 
paired at random. Two collections, spaced on the average 14 days apart, 
were made from each bull. At each collection two consecutive ejaculates 
of semen were obtained and used separately. For any one bull at each 
collection period one or the other of the ejaculates was diluted with the 
diluent containing 300 mg. of sulfanilamide per 100 ml. At the next col¬ 
lection period either the first or second ejaculate, whichever had not been 
treated with sulfanilamide the previous time, received it. The design was 
thus a 2 x 2 x 2 replicated 8 times and is illustrated thus: 
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Design of the third experiment 


Ejaculate no. | 

| Collection 

Bull 1 


1 

2 


1 

Y-C-S* 

Y-Ct 


2 

Y-C 

Y-C-S 

Bull 2 

1 

Y-C 

Y-C-S 


2 

Y-C-S 

Y-C 


# Y-C-S = Yolk-citrate*sulfanilamide, 
t Y*C = Yolk-citrate. 


In order to record the identity of each ejaculate, only one of each collec¬ 
tion could be shipped to a particular inseminator. Thus, the number of in¬ 
seminating units to which semen was shipped (76 different circuits) was 
divided into two approximately equal groups. For example, at one collec¬ 
tion one group of circuits received one ejaculate, the second group the other 
ejaculate. At the next collection the same circuits received the same ejacu¬ 
late number but the treatment was different. This design involved the 
willful confounding of the groups of circuits to which the semen was 
shipped, with a comparison of first and second ejaculates. This fact did 
not invalidate the test of whether or not first ejaculates responded differ¬ 
ently to sulfanilamide than did second ejaculates, for the design was orthog¬ 
onal in this respect. 

The citrate-sulfanilamide buffer was prepared by bringing a measured 


TABLE 3 

Average semen quality characteristics and fertility results in the third experiment 


Semen character 

Volume, ml. 

Concentration 

1,000 ’s/mm.3 

Motility, % 

Methylene blue reduction time, 
min. . 

Diluent used 

Yolk-citrate 

Yolk-eitrate- 

sulfanjlamide 

Ejac. 

1 

5.30 

1,397 

71.9 

4.2 

Ejac. 

£ 

5.78 

1,178 

73.8 

5.1 

Ejac. 

J 

5.38 

1,409 

70.6 

4.3 

Ejac. 

2 

5.97 

1,188 

72.2 

5.3 

Fertility 

Services, no. . . 

5-mo. N.B., no. 

5-mo. N.R., % . 

1,392 

821 

59.0 

1,092 

661 

60.5 

1,149 

716 

62.3 

1,151 

761 

66.1 

Combined 1 





Services, no. 1 

2,484 

2,300 

5-mo. N.R.,* no. 

1,482 

1,477 

5-mo. N.R., % . ! 

59.7 

64.2 


N.R.=non-returns to service. 
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quantity of water distilled in glass to a boil and adding the predetermined 
quantity of citrate and of sulfanilamide. The solution immediately was 
removed from the heat source, poured directly into sterile bottles, and stored 
in the dark. 

The data on semen quality and results of insemination are shown in table 
3. The data are arranged to give a comparison of first and second ejaculates 
and to show the effect of diluents on the fertility of the first and the second 
ejaculates. If one were interested only in a semen-quality comparison of 
first and second ejaculates before treatment in this study, the proper com¬ 
parison is between first ejaculates for yolk-citrate and the second ejaculates 
for yolk-citrate-sulfanilamide. The other consecutive paired ejaculates are 
the first for yolk-citrate-sulfanilamide and the second for yolk-citrate. 

Statistical analysis of the semen quality characteristics showed that the 
bulls differed significantly only in volume of semen produced. The specifi¬ 
cation that two consecutive ejaculates which were satisfactory for use be 
collected at each of two collection periods was responsible for this result. 
No semen sample was considered acceptable which contained less than 800,- 
000 spermatozoa per mm. 8 , or which contained less than 60 per cent motile 
spermatozoa. A total of 20 bulls was sampled for this experiment, 4 of 
which failed to meet the above specifications. 

The spermatozoa of the second ejaculate were significantly more motile 
than those of the first ejaculate. Highly significant differences were found 
between first and second ejaculates in concentration and methylene blue 
reduction time. The first ejaculates were somewhat more concentrated and 
reduced methylene blue faster than did the second ejaculates. Other dif¬ 
ferences, as between collection periods, were not of important magnitude 
and were not mathematically significant. 

It should be mentioned that the insemination data were recorded sepa¬ 
rately for cows being bred for the first time and those which had failed to 
conceive on first service and were being returned for a second service. The 
same procedure was followed for the two earlier experiments discussed. In 
the first two experiments the number of observations was too small to deter¬ 
mine whether or not there was a real difference in fertility level for these 
two groups of cows. In the third, where more observations were made, the 
difference found was .only 1.0 percentage unit, but this small difference was 
statistically significant. However, the data showed that the addition of 
sulfanilamide to the diluent increased fertility the same average amount in 
both groups of cows. In each experiment an analysis of covariance was 
made on the length of time after collection semen diluted with each diluent 
was used for insemination. No significant differences were found. For the 
three experiments combined, 1 per cent of the inseminations were made on 
the first day (the day of collection), 71 per cent on the second day, 24 per 
cenf; on the third, 3 per cent on the fourth, and 1 per cent of all inseminations 
on the fifth day or later. 
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As can be seen in table 3 the difference in favor of sulfanilamide in this 
experiment amounted to a total of 4.5 percentage units. That is, of the 
£,300 cows bred with the semen to which sulfanilamide was added, 4.5 per 
cent more cows apparently conceived than was the case with the 2,484 cows 
which were bred with the normal yolk-citrate diluent. Statistical analysis 
of covariance indicated that this difference was greater than was required 
to show significance at the 1.0 per cent level of probability. Thus, it is 
concluded that sulfanilamide added to the diluent does increase significantly 
the probability that a cow will conceive from artificial insemination. 

In spite of the fact that no significant differences in semen quality were 
found between bulls, the differences in fertility among the bulls used was 
highly significant. However, there was no evidence to indicate that the 
semen of the several bulls reacted differently to the treatments employed, 
even though it is known that bacterial contamination varies exceedingly 
from bull to bull. This fact suggests that the effects of sulfanilamide are 
largely through the metabolism of semen, and that all normal bull semen 
would tend to react similarly. 

Though first ejaculates tended to be slightly lower in fertility than second 
ones, an observation bearing out popular belief, the difference observed was 
not large enough to be mathematically significant when subjected to a test 
of significance. To test this item effectively a carefully planned and larger 
experiment should be conducted. The averages given in table 3 suggest that 
first ejaculates responded less to sulfanilamide treatment that did second 
ejaculates. However, the sum of squares for error of estimate for the inter¬ 
action was slightly smaller than the error term, which result forces the 
authors to conclude that the response to sulfanilamide was not proved dif¬ 
ferent between first and second ejaculates. This observation strengthens 
the interpretation that the effects of sulfanilamide are largely metabolic 
ones, for if the effects were due to bacterial control alone one might expect 
the fertility of the first ejaculates, which contained more bacteria, to be 
increased more than second ejaculates. 

DISCUSSION 

It should be mentioned that none of the bulls used in these investiga¬ 
tions were known to produce semen containing Pseudomonas aeruginosa. 
This bacterial species is difficult to control and is known to reduce fertility 
of semen in which it is found as the predominant type (3, 4). Though it 
was not possible to examine each of the semen samples used in the investiga¬ 
tions reported here, the &men of the bulls used had been examined from 
time to time for bacterial numbers and types, and Pseudomonas aeruginosa 
had not been found. 

Reports of the teratogenic effects of sulfonamides when brought into 
direct contact with certain of the lower animals in the early stages of their 
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development have appeared in the literature (1, 2, 11, 12). While the au¬ 
thors have not examined each calf produced by the sulfanilamide-treated 
semen, a number of such animals have been examined and no abnormalities 
observed. Neither have reports of the birth of abnormal calves been re¬ 
ceived. When one considers the fact that each milliliter would contain only 
3.0 mg. of sulfanilamide, such an amount inseminated into the uterus prob¬ 
ably would be absorbed quickly and little would find its way to the develop¬ 
ing egg. 

The practical value of the results of these studies in routine artificial 
insemination is obvious. However, in the storage of diluents containing 
sulfanilamide, care must be taken to keep them out of the light. Prefer¬ 
ably, the buffer should be made fresh. However, it is difficult to do so and 
in large operations this may be a nuisance. Sulfanilamide goes into solu¬ 
tion slowly. The authors believe that the simplest way to make the diluent 
is to bring a required volume of properly distilled water to a boil, add the. 
required amounts of both sodium citrate and sulfanilamide, remove the 
source of heat, and, when the material has been dissolved and thoroughly 
mixed, pour the buffer thus prepared into sterile, dark bottles and store it 
in the dark until used. Buffers so prepared have been used for 2 weeks with 
no observable influence on their effectiveness. How much longer they can be 
used satisfactorily has not been determined. 

SUMMARY 

Three separate experiments involving a total of 8,498 inseminations were 
conducted to determine the effect on fertility of bull semen of adding sulfa¬ 
nilamide to the yolk-citrate diluent at the rate of 300 mg. per 100 ml. In 
the first experiment no benefit was observed. In the next two investigations, 
where the citrate buffer containing sulfanilamide was protected from direct 
light rays, an increase in fertility by use of the sulfanilamide was obtained. 
This improvement amounted to 6.1 per cent of the cows inseminated in the 
second experiment and 4.5 per cent in the third. 

The sulfanilamide appeared to influence ail semen samples in the same 
direction, for, in the third experiment, no significant interactions were ob¬ 
served between the treatments and either bulls or first and second ejaculates. 
These results are interpreted as indicating that the beneficial effects of sulfa¬ 
nilamide on fertility largely are metabolic ones, rather than due to bacterial 
control alone. 
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THE EFFECT OF REFRIGERATOR STORAGE ON THE 
. KEEPING QUALITIES OF PASTEURIZED MILK 

L. H. BURGWALD and D. V. J0SEPH80N 
Department of Dairy Technology, Ohio State University, Columbus 

Considerable attention has been directed recently to the problem of the 
keeping quality of milk in the household refrigerator. The economy of 
altemate-dav or 3-day-a-week delivery of milk was amply demonstrated 
during the war years with the result that most distributors would prefer 
to retain this practice. On the other hand, some public health officials have 
questioned the advisability of maintaining this system of milk distribution 
because of the highly perishable nature of the product. Under the 3-day-a- 
week system of delivery the product is consumed in from 1 to 4 days after 
pasteurization. Therefore, to justify such a practice, we must assure the 
consumer that the product delivered will retain its initial high qualities for 
at least 4 days. 

Several investigators have demonstrated that good quality, commercially 
processed milk can be held in a household refrigerator for a considerable 
period of time without impairment to its nutritional qualities or bacteriologi¬ 
cal safety. 

Nicholas and Anderson (8) studied the keeping qualities of regular pas¬ 
teurized, pasteurized-homogenized, and raw milks under household refrig¬ 
erator conditions (40° F.). They found that pasteurized milks could be 
stored at 40° F. for a period of 2 weeks or more before spoilage would occur. 
Furthermore, milks that were removed from the refrigerator each day, 
shaken, and allowed to stand at room temperature for 1 hour retained high 
quality for approximately 10 days. These investigators based their con¬ 
clusions on the results of standard plate counts, titratable acidity, and flavor 
observation, but did . not take into account the psyehrophilic or coliform 
organisms. Since the standard plate counts at the time of souring of most 
of the milks used in their studies were very little different from those of the 
original fresh milk, it would appear that a consideration of psyehrophilic 
organisms would have been helpful in interpreting their data. 

Mott and Mayer (7) conducted a study involving the collection of retail 
milks in Boston. They found that the standard plate count of grades A and 
B pasteurized milks increased after the samples were stored at 40° F., and 
had average counts of 1,300,000 and 1,700,000, respectively, after a storage 
period of 5 days. Twenty-two samples of certified-pasteurized milk had an 
average count of 770 per milliliter after 5 days’ storage at 40° F. 

A far more comprehensive study was reported by Dahlberg (3), who 
obtained samples from six milk plants in the New York metropolitan area 
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and stored them at various temperatures. The freshly pasteurized milks 
had an initial, arithmetic average plate count of about 12,000 colonies per 
milliliter. Allowing these milks to stand at room temperature for 6 hours 
had the immediate effect of increasing the plate count slightly and giving 
more positive coliform tests than were observed with samples not exposed 
to room temperature. Storage temperatures of 35-40° F. decreased the 
standard plate count of the milk, while the coliform bacteria remained con¬ 
stant. Samples stored at 45-50° F. showed reduced standard plate counts 
after 1 day, but considerably higher counts after 4 days. At a storage tem¬ 
perature of 55-60° F. a slight decrease in the standard plate count was ob¬ 
served after 1 day, but thereafter the count increased rapidly. All samples 
in the group were sour after 4 days. With the exception of this latter group, 
all samples exhibited good flavor after 7 days’ storage. Dahlberg concludes 
that to insure good keeping quality, milk should not be stored at tempera¬ 
tures above 50° F. 

Weber (9) reported an analysis of 10,000 coliform tests collected over a 
3-year period for three health departments. These data showed that 21.5 
per cent of all pasteurized milks tested were positive to the coliform test 
during the period of January, February, and March, while 48.0 per cent of 
the tests were positive during July, August, and September. The higher 
incidence of coliform-positive milk during the warm months was attributed 
primarily to a greater degree of contamination of the milk from equipment 
which is exposed to flies, insects, and air-borne sources. 

Dahlberg (4) demonstrated more rapid development of coliform bacteria 
in refrigerated milk during the summer than during the month of October. 

A preliminary report (2) covering certain phases of the present study 
showed that most commercially pasteurized milks could be held for at least 
7 days during the summer months if refrigerator temperatures were held 
at 45° F. or lower. 

The present study was undertaken in order to obtain a more complete 
picture of the changes that take place during the refrigerator storage of 
commercially processed market milks, under both summer and winter con¬ 
ditions. It was felt that much of the work reported previously was far too 
narrow in scope and did not present a complete picture of the bacteriological 
changes characteristic of stored milk. 

METHODS 

Two separate studies were undertaken, one under summer conditions 
(July and August) and the other during the winter (February and March). 
In each study eight different lots of milk were collected from five different 
commercial plants immediately after the bottling operation. One-half pint 
and quart samples of the same’ milk were collected, and where both homo¬ 
genised and regular milks were available, a set of each was studied. Samples 
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were iced and transported to the University laboratories, where exposure 
treatments, bacterial analyses, vitamin analyses, acidity tests, and flavor 
observations were conducted prior to storage. 

As a standard control, one-half pint samples were stored under the cold 
unit of a large household-type refrigerator. A sufficient number of these 
samples was stored so that a different bottle could be removed for analysis 
and observation at each interval of the storage period. 

Of the replicate quart samples, one was placed in the refrigerator im¬ 
mediately, a second was allowed to stand at room temperature (summer, 
81-89° F.; winter, 74-79° F.) for 1 hour prior to storage, and a third was 
exposed to room temperature for 2 hours before refrigeration. All quart 
samples were placed in the refrigerator on the side away from the cold unit. 
A careful study of temperature variations was made, using recording and 
maximum-minimum thermometers. The one-half pint samples stored under 
the cold unit were held at temperatures ranging from 36-42° F. (2.2-5.5 0 
C.) during the summer study and 37-39° F. (2.8-4° C.) during the winter 
study. The temperature of storage for quart samples held on the side away 
from the cold unit ranged from 41-45° F. (5-7.2° C.) during the summer 
study and 39—42° F. (4-5.5° C.) during the winter study. Therefore, the 
temperature differential between the samples at the tw r o positions of storage 
was about 3-5° F. during the summer and about 2-3° F. during the winter. 

When quart samples were removed for periodic analyses, they were 
exposed to room temperature for 5 to 7 minutes before being returned to 
the refrigerator. During this time the temperature of the samples increased 
about 2-4° F. in the summertime and about 2° F. in winter. 

Bacteriological, vitamin, acidity and flavor analyses were made daily for 
the first 4 days of storage and then at 7 and 10 days. After 10 days, analyses 
were run every other day until samples showed evidence of acidity change. 
At this point, samples were examined daily until 0.03 per cent acid had 
developed. Samples in which 0.03 per cent acid had developed were con¬ 
sidered to be “sour,” although the flavor of the product was usually quite 
good and definitely not sour to the taste. 

The standard plate count at 37° C. (98.6° F.) (1) was employed for the 
detection of mesophilic organisms. Dilutions of 1:100 and 1:1000 were 
employed at the beginning of storage and gradually increased as storage 
progressed and counts increased. Psychrophilic organisms w r ere similarly 
determined with standard tryptone-glucose-extraot-milk agar plates incu¬ 
bated at 8-10° C. (46.4-50° F.) for 10 days. One milliliter and 0.1 ml. 
samples were plated for the first few days of storage, after which time high 
counts necessitated considerable sample dilution. 

Coliform organisms were determined on desoxycholate agar plates incu¬ 
bated at 37° C. (98.6° F.) for 24 hours prior to counting; a 5 ml. sample was 
plated, using one plate with 2 ml. and one with 3 ml. When counts became 
high, smaller amounts or dilutions were plated. 
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Acid development was measured by the standard titration technique 
using phenolphthalein as the indicator and is expressed as lactic acid. 

Riboflavin analyses were conducted according to the method of Hand 
(5), using a Coleman photofluorometer for measuring fluorescence. Ascorbic 
acid was determined by the conventional titration procedure employing 
sodium 2,6-dichlorobenzenoneindophenol dye. 

RESULTS 

Trend of Bacterial Development during Storage 

The regular pasteurized milk usually displayed somewhat better keeping 
qualities than the homogenized product from the same plant. For the first 
7 days of storage the differences usually were insignificant, but thereafter 
the homogenized milks appeared to support the growth of mesophilic and 
psychrophilic bacteria better than the unhomogenized product. The type 
of growth and growth curves were very similar. It was considered justi¬ 
fiable to average the counts of both types of similarly treated milk for the 
first 7 days of storage. Also one plant participating in the study produced 
only homogenized milk, while another sold only regular unhomogenized milk. 

Since most milk is consumed before it is 7 days old, it seemed unnecessary 
to make a complete tabulation of bacteriological data taken after this time. 
Therefore, a geometric mean average was tabulated for each class of samples 
which had been subjected to the same treatment during the same season. 

A graphic presentation of bacteriological data is shown in figure 1. It 
is very evident that all types of bacterial development were more rapid dur¬ 
ing the summer season. One factor which undoubtedly contributed to this 
condition was the slightly higher temperatures that prevailed in the refrig¬ 
erator during the summer months. Another factor which may have influ¬ 
enced this trend was the greater “temperature shock 77 given quart samples 
during the warm summer months both before storage and on days when 
analytical samples were removed. A difference in the type of microflora 
present in summer and winter milks also might have contributed to this 
difference. 

These data demonstrate the fact that any treatment which allows the 
milk to warm up will be reflected in the rate of development of all types of 
bacteria. This is especially evident from the data taken during the summer 
months. Furthermore, it can be seen that the more extensive the period of 
warming before storage, the poorer was the bacteriological keeping quality. 

For the most part, mesophilic counts went down or remained rather 
constant for the first few days of storage, after which their rate of develop¬ 
ment increased according to the degree of exposure to room temperature 
(samples 2, 3, and 4). In suhimer milks which were subjected to warming 
either before storage or on days when samples were analyzed, the mesophilic 
count did not show any evidence of increasing until after 2 days of storage. 
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Fig. 1 . The effect of refrigerator storage on the micro-flora of commercial market 
milks (geometric mean averages of all data taken). (1 = one-half pints left in refrigera¬ 
tor continuously; 2 = quarts removed from refrigerator each day for sampling; 3 = quarts 
allowed to stand out for 1 hour prior to storage, also removed each day for sampling; 
4 = quarts allowed to stand out for 2 hours prior to storage, also removed from refrig¬ 
erator each day for sampling.) 
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Undisturbed one-half pint samples (sample 1) showed very little change 
during 7 days of storage. All samples in the winter study, regardless of 
treatment, showed very little change during the first 7 days of storage, al¬ 
though the effect of warming before storage was becoming evident in 
samples 2, 3, and 4 at the end of this period. 

The development of the psychrophilic organisms followed a similar pat¬ 
tern, but in the summer series their numbers far exceeded those in the 
mesophilic class after 6 days of storage. These organisms did not increase 
appreciably during the first 4 days of storage, but after this time they 
multiplied at a rather rapid rate. In the winter study the psychrophilic 
counts did not become significant until after 7 days of storage. 

Possibly some mesophilic types may be facultative in the sense that they 
develop psychrophilic activity after adaptation to prolonged low tempera¬ 
ture storage. Support for this view may be found in the fact that mesophilic 
counts frequently decrease during the first few days of storage. Actually 
these organisms may be going through a temperature adaptation period 
which eventually brings them into the active and rapidly growing psychro¬ 
philic group. Further support for this possibility is the fact that initial 
psychrophilic counts of the fresh pasteurized milks in this study usually 
were very low (0-30). If all growth at low temperatures were due to these 
few true psychrophiles, probably this growth would develop on a more uni¬ 
form curve. Since rapid growth of psychrophiles does not occur until after 
4 days of storage, probably so-called facultative types may supplement the 
true psychrophilic population in the final rapid deterioration of the milk. 

The development of the coliform organisms followed a pattern similar 
to that of the mesophiles and psychrophiles. As previously observed by 
Weber (9), the initial coliform counts in summer milks exceeded those of 
winter milks. Only two samples were found to be free from coliform bac¬ 
teria and seven samples showed less than one coliform organism per milliliter 
during the summer trials. All samples -were coliform positive at the con¬ 
clusion of this series or when 0.03 per cent acid developed. On the other 
hand, six samples were found to be coliform free and nine had less than one 
organism per milliliter at the beginning of the winter study* Fourteen 
samples showed no coliform bacteria at the termination of these trials. In 
the overall tabulation (fig. 1) the coliform count in winter milk was little 
changed during the first 7 days of storage. 

In evaluating these experimental data in terms of the practical keeping 
problem in home refrigerators, the conclusion seems justified that good qual¬ 
ity commercially processed and distributed milks should mainta in desirable 
bacteriological qualities for at least 4 days when stored at 40° F. Under 
winter conditions bacterial changes are insignificant from a quality stand¬ 
point until after 6 or 7 days of storage. In determining the bacteriological 
quality of stored milk, the psychrophilic organisms must be taken into ac- 
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count because of their relatively greater numbers after 5 or 6 days at storage 
temperatures. 

Changes in Micro-Flora during Storage 

In analyzing the data taken in both the summer and winter studies and 
attempting to correlate the initial and final bacterial counts with the relative 
keeping quality of a product, nothing could be established as an index for a 
potential trend in bacterial growth. The data presented in table 1 repre¬ 
sent a random selection of samples from these studies. These data demon¬ 
strate the fact that the initial mesophilic count of the freshly pasteurized 
milk is not a dependable index of the keeping quality of the product from 
a bacteriological standpoint. The initial psychrophilic count does not serve 
as a basis upon which to predict the potential keeping quality of any type 
of milk, regardless of treatment. 

By comparing the data for samples no. 1 and 2 in the summer study and 
8 and 9 in the winter study, it can be seen that high count milks (nos. 1 and 
9) can have keeping qualities as acceptable as similar milks (nos. 2 and 8) 
with relatively low initial counts. This should not be taken to imply that 
the standard plate count is not a useful test for evaluating general milk 
quality, but it does suggest that its use as an index of potential keeping 
quality of pasteurized milk is questionable and probably unsound. 

Acid Development in Stored Milks 

The length of the storage period which elapsed before milks developed 
0.03 per cent acid (expressed as lactic acid) naturally varied among the 
different lots and treatments. One-half pint samples which remained undis¬ 
turbed in storage did not develop 0.03 per cent lactic acid until 21.8 days 
(average) of storage in the summer study and 26.6 days (average) in the 
winter trials. Quart samples which were allowed to stand out at room tem¬ 
perature for 2 hours before storage and were further exposed at periodic 
sampling periods developed 0.03 per cent lactic acid in 12.4 days (average) 
in summer and 16.6 days (average) in winter trials. 

Most samples examined in these studies showed evidence of lactic acid 
development while mesophilic counts (standard plate) were still* quite low. 
Some samples developed 0.03 per cent lactic acid while -exhibiting a meso¬ 
philic count lower than that of the original fresh milk. Nicholas and Ander¬ 
son (8) have reported “sour” flavor in samples with mesophilic counts which 
were little different from those of the fresh products. 

In the present study the psychrophilic organisms largely are responsible 
for the development of the lactic acid in milk held in refrigerator storage at 
40° F. The data plotted in figure 2 are for three samples, chosen at random 
from the many which were plotted and compared. A close correlation exists 
between the growth of psychrophilic bacteria and the development of lactie 
acid. By comparison, the magnitude of change in the numbers of 
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organisms is relatively insignificant. This would suggest that the acid 
developed, at least in the early stages of deterioration, is a product of the 
psychrophilic bacteria. Apparently consideration of psychrophiles is of 
paramount importance in studies of this kind, particularly since acid de¬ 
velopment is considered to be one of the primary factors in milk spoilage or 
deterioration. 



Fig. 2. The relationship between lactic acid development and bacterial growth in 
milkB refrigerated for long periods of time (random samples from different periods dur¬ 
ing study). 


The Effect of Refrigerator Storage on Riboflavin and Ascorbic Acid 

Since riboflavin and ascorbic acid are subject to destruction by exposure 
to light and the latter is subject to natural oxidation on storage, a study of 
these two vitamins in stored milks appeared desirable. 

The data shown in table 2 demonstrate the stability of riboflavin and 
ascorbic acid in milks stored under household refrigerator conditions. Be¬ 
cause of the absence of light in the refrigerators, it is not surprising that 
riboflavin was stable in samples held continuously under these conditions. 
Even the quart samples B, C and D, which were exposed to the light of the 
room at the time of periodic samplings, still retained practically all of their 
riboflavin throughout the extended storage period. Apparently the normal 
daylight present in the laboratory was insufficient to cause any great degree 
of photolysis of this vitamin during these periodic exposures. These results 
confirmed our previous observations (6) where samples exposed in a bright 
kitchen for 2 hours lost only a small percentage of riboflavin. 
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The retention of ascorbic acid during storage was very poor in most 
samples. Even the one-half pint samples which were refrigerated con¬ 
tinuously and not exposed to light retained very little ascorbic acid after 
1 day in storage. The exposure of samples to room temperature and light 
conditions for 2 hours caused an initial-loss of about 20 per cent of this 
vitamin during the summer studies and about 12 per cent in the winter trials. 

The high level of ascorbic acid found in the homogenized milk from one 
plant (samples 4 and 7, table 2) was difficult to explain. This milk was 
pasteurized at 170-172° F. for 16 seconds. Additional samples procured 
over a period of weeks showed that this heat treatment produced some sul- 
phydryl compounds which protected ascorbic acid. Whereas most samples 
(homogenized or unhomogenized) were completely depleted of ascorbic acid 
within 4 to 6 days, most of these homogenized samples retained significant 
quantities of this vitamin throughout the entire storage period. The regular 
unhomogenized milk from this plant was pasteurized at a conventional tem¬ 
perature and ascorbic acid losses conformed with those experienced with 
milk from other plants. 

Flavor Changes during Storage 

During the winter months the samples in these studies exhibited some¬ 
what better keeping qualities than did those in summer months. However, 
off-flavor development was somewhat more prevalent in the winter. Oxi¬ 
dized flavor was more frequently found during the winter trials than during 
the summer. Only one sample developed a typical oxidized flavor during 
the summer trials. 

On the whole, the milks retained their initial fine flavor until very near 
the end of the storage period (0.03 per cent developed acid), when stale, 
unclean, acid or bitter flavor defects usually developed. With the exception 
of the occasionally observed oxidized flavor previously mentioned, prac¬ 
tically all samples retained their initial flavors for at least 7 days. In sev¬ 
eral eases samples exhibited excellent flavor for more than 20 days of storage. 
Apparently the problem of flavor development during storage is relatively 
no more important when milk is consumed within a week after pasteurization 
than if consumed w r ithin 2 days. 


DISCUSSION 

One of the most interesting observations made in the course of these 
investigations is the apparent role of the psychrophilic bacteria in the de¬ 
terioration of milk stored under refrigerator conditions. The initial meso- 
philic count (standard plate) appears to have little bearing on the potential 
keeping qualities of milks stored under the conditions of these experiments. 
Mesophilic counts at the termination of the storage period (0.03 per cent 
developed acid) frequently were little different from those exhibited by the 
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fresh milk before storage. The suggestion that some mesophiles become 
adapted to storage conditions and eventually grow at these low temperatures 
seems justified, since mesophilic counts usually go down during the first few 
days of storage. This is further supported by the fact that rapid psychro- 
philic growth does not start until after 4 or 5 days of storage. The initial 
psychrophilic count does not appear to be a dependable index for predicting 
the potential keeping qualities of milk. The number of psychrophilic organ¬ 
isms in fresh pasteurized milk usually was found to be low (0-30 per ml.), 
but a considerably higher count never was found to prevent the product 
from exhibiting excellent keeping qualities. 

The development of acidity during storage was found to correlate quite 
definitely with psychrophilic growth. The mesophilic populations present 
were comparatively small and probably contributed very little to the devel¬ 
opment of lactic acid under the conditions of these experiments. 

The general growth curves for mesophilic, psychrophilic, and coliform 
organisms all followed like patterns. The magnitude of population change 
was much greater in the case of the psyclirophiles and was by far the least 
for the coliforms. In the summer studies little change was observed in any 
of the bacterial counts until after 4 days of storage, while in winter impor¬ 
tant changes were not noted until after 7 days. 

The flavor of the milks changed very little until near the end of the 
storage period (0.03 per cent developed acid), when stale, unclean, acid or 
bitter flavors usually developed. In several cases during the winter studies 
and in one case during the summer trials, the oxidized flavor developed soon 
after the milk went into storage. With these exceptions the flavor of the 
milks was exceptionally good until measureable lactic acid was produced. 
In very few cases was it possible to taste any evidence of acid until the 
concentration was in excess of 0.03 per cent. 

The storage of milk in the dark at 40° F. did not change the riboflavin 
content of the product, and the periodic exposure of milk to the daylight 
in the laboratory had little or no effect upon this vitamin. Ascorbic acid 
was depleted very rapidly both before and after storage, only insignificant 
amounts of this vitamin usually remaining after 1 day of storage. One 
exception was found in the case of homogenized milk which had been flash 
pasteurized at 170-172° F. The protective effect of sulphydryl compounds 
produced by this pasteurization temperature accounted for the high levels 
of ascorbic acid observed in and retained by these samples in storage. 

Qood quality pasteurized market milks will maintain good bacteriological 
and flavor qualities for at least 4 days in summer and 6 to 7 days in winter, 
if refrigerator temperatures are maintained near 40° F. Exposure of milk 
to room temperatures naturally will impair the keeping qualities of the 
product, but with good distribution practices and prompt removal of the 
milk from the doorstep, milk should retain excellent quality for a consider¬ 
able period of time. 
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SUMMARY 

The psychrophilic bacteria which develop in milk during refrigerator 
storage are primarily responsible for the deterioration of the product. 
These organisms apparently are responsible for the development of the acid 
which is produced in milk during storage at 40° F. 

The initial mesophilic (standard plate) and psychrophilic counts do not 
serve as an index of the potential keeping quality of milk being stored at 
about 40° F. Mesophilic counts frequently are little changed during the 
entire storage period. 

Riboflavin in milk is not affected by refrigerator storage, and periodic 
exposure to room daylight has no noticeable effect. 

The ascorbic acid content of milk is depleted rapidly both before and 
during storage. After 1 day of storage, only insignificant quantities remain 
in milks processed by conventional procedures. 

Milk of good quality can be expected to retain excellent bacteriological 
and flavor qualities for at least 4 days during the summer months and 6 to 7 
days during winter months if refrigerator temperatures are maintained near 
40° F. 
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COMPOSITION OP MARES’ MILK AS COMPARED WITH 
THAT OF OTHER SPECIES 1 


ARTHUR D. HOLMES, ALBERT F. SPELMAN, C. TYSON SMITH, 
and JOHN W. KUZME8KI 
Massachusetts Agricultural Experiment Station, Amherst 

The skeleton of mammals calcifies very rapidly during, the period im¬ 
mediately following birth when there is a rapid progressive penetration of 
calcium salts into the cartilaginous areas of the skeletal tissues. Further¬ 
more, from an extensive review of the literature dealing with the require¬ 
ment for calcium during growth of the human infant, Holmes (33) showed 
that the most rapid skeletal growth occurred during the initial period of the 
life cycle and that this probably is true for other mammals. Nearly 50 years 
ago Abderhalden (1) reported that the average foal doubles its birth weight 
in 60 days. During that period the foal subsists very largely on its mother’s 
milk, and obviously all the mineral elements needed by the foal for bone and 
tissue building must be derived primarily from the mare’s milk. However, 
very few data are available regarding the mineral content of mares’ milk. 
A number of investigators have reported the amount of ash found in mares' 
milk: i.c., Linton (39) found 0.28-0.95 per cent, with an average of 0.51 per 
cent; Vieth (67) found 0.26-0.36 per cent, with an average of 0.30 per cent 
in the milk from 15 milk mares; Hildebrant (24), 0.32-0.74 per cent; Papp 
(51), summer milk 0.3 per cent and winter milk 0.5 per cent; Dittrich (13), 
0.29-0.60 per cent; and Masek (42), 0.35 per cent in the milk of the wild 
mare Przewalski kept in the zoological gardens in Prague. However, these 
data supply little or no information concerning the amount of various min¬ 
eral constituents such as calcium, magnesium, phosphorus, and potassium in 
mares’ milk, and the present study was undertaken to accumulate data 
regarding these elements. 

• EXPERIMENTAL 

The mares’ milk used in this study was produced by one Palomino and 
four Percheron mares. All the mares were mature, well-developed, normal 
animals. Their ages varied from 4 to 10 years and, numbered 1 to 5, con¬ 
secutively, they were in their second, fifth, first, fifth and first lactations, 
respectively. The study was made in the spring. The mares' daily ration 
consisted of 3 quarts of crushed oats, five large ears of thoroughly matured 
dent corn, all the good-quality hay they desired, and as much rapidly- 
growing grass as they could eat in 3 or 4 hours. The Palomino mare, no. 1, 
weighed 1,100 lbs. and the Percherons from 1,600 to 1,900 lbs. The stage 
of lactation varied from the ninth day for the first sample of milk from 

Beceived for publication March 13, 1947. 
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mare no. 1 to the 129th day for the last sample from mare no. 5. While the 
stage of lactation was not the same for all the animals, the days on which the 
milk was collected were identical for all the mares. The samples of milk 
were collected as described by Holmes and Lindquist (28) and Holmes and 
associates (31). Samples were taken directly to the laboratory, thoroughly 
mixed, and assayed for water, protein, reduced ascorbic acid, phosphorus, 
potassium, magnesium, and calcium by the official methods of the Associa¬ 
tion of Official Agricultural Chemists (3). In order to minimize possible 
decomposition, the ascorbic acid assays were begun within an hour after the 
milk was obtained from the mares. 

COMPARISON OF MARES* MILK WITH THAT OF OTHER SPECIES 

The results of the assays of the 26 samples of mares’ milk collected dur¬ 
ing the early lactation period are reported in table 1. Data concerning the 
composition of milk produced by several mammalian species are included 
in table 2. These data do not constitute all that are available in this field, 
but they should be sufficient to permit a comparison of the composition of 
mares’ milk with that of other species. 

The composition of the milk from each of the five mares varied somewhat 
from day to day. Since the values obtained for the Palomino mare’s milk 
were not in close agreement with those obtained for the other mares, the 
average values for milk from the four Percheron mares have been used in 
the discussion that follows. 

Water. The average values for the water content of the milk examined 
in this study ranged from 88.7 per cent for mare no. 2 to 90.2 per cent for 
mare no. 4. These values are in good agreement with the results obtained 
by the English investigators and are greater than that reported for cow, 
goat, ewe, buffalo, camel, or human milk. However, the difference in water 
content between mares’ milk and that of other species is not sufficiently 
large to preclude a satisfactory comparison of the other constituents of the 
milks of the various species. 

Protein. The amount of protein in the milk was quite uniform for the 
individual mares, but the average values for the different animals varied 
from 2.0 to 2.7 per cent. The average value of 2.3 per cent obtained in 
this study is higher than that reported by Vieth (67) and Morrison (44) 
but lower than the values reported by Linton (39) and Hildebrant (24). 
The protein content of the mares’ milk was less than that of cow, goat, ewe, 
buffalo, camel, or sow milk, but it was similar to that of human milk, aa 
reported by several investigators. In view of the similarity in protein and 
lactose content of mare and human milk, attention has been given to the 
possibility of using mares’ milk for infant feeding. From his studies in this 
field, Frendenberg (20) found that because of itt low fat content, mares’ 



TABIjE 1 

Composition of viares* milk 


COMPOSITION OF MARES’ MILK 


387 




Protein = N x 6.38. 






388 


ARTHUR D. HOLMES, ET AL, 



85 (56) 0.81 (43) 112 (27) 137 (27) 

9 (8) 0.78 (71) 100 (44) 130 (44) 

45 (9) 0.79 (5) 117-150 (52) 

0.80 (68) 











TABLE 2 ( Continued) 
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milk could not be used successfully for infant feeding unless 1.0 to 1.5 per 
cent of cows’ milk fat was added. 

Reduced ascorbic acid. The average ascorbic acid content of the milk 
produced by the Percheron mares, 89 mg. per liter, was much higher than 
that previously reported by Holmes et al. (31), but was within the range 
reported by Cimmino (10) and by Rasmussen et al. (54), and was practi¬ 
cally identical with the value reported by Cimmino (9). The reduced ascor¬ 
bic acid content of fresh mares’ milk was much greater than that of cow, 
goat, or buffalo milk. The reported ascorbic acid content of human milk 
varies over wide limits. Widenbaur and Kiihner (69) found a minimum 
of 5 mg. per liter, and Quesada (53) reported as much as 90 mg. When 
Ingalls et al. (35) administered massive doses of ascorbic acid orally or 
intravenously to women, the milk subsequently secreted had an ascorbic acid 
content of 116 mg. per liter. A number of investigators (16, 35, 59) have 
increased the amount of ascorbic acid in human milk several-fold by adding 
ascorbic acid-rich foods to the diet. Furthermore, other workers found a 
marked seasonal variation. Sinkko (62) made observations on ten subjects 
in February and again in September and found 1.8 mg. and 4.6 mg. per 
liter, respectively. Other authors have found seven or eight times as much 
ascorbic acid in human milk in late summer as in the winter. 

Ash. The reported assays for the amount of ash in mares’ milk indicate 
that the average value is between 0.4 and 0.5 per cent. The mineral content 
of cow, goat, ewe, buffalo, and camel milk is 0.7 per cent. A number of 
investigators have reported upon the mineral content of human milk and 
the average value seems to be between 0.2 and 0.3 per cent. Thus mares’ 
milk contains about two-thirds as much ash as the other species of animals 
cited and about twice as much as human milk. 

Phosphorus. The phosphorus in the twenty samples of milk from thp 
Percheron mares averaged 63 mg. per 100 g. This value is somewhat higher 
than the value reported by Morrison (44), but it is only about two-thirds 
as high as in cows’ milk. Goats’ milk has a slightly higher phosphorus con¬ 
sent than cows’ milk, but judged by the limited reports found in the litera¬ 
ture, human milk contains only about one-fifth as much phosphorus as 
mares’ milk. 

Potassium. The average amount of potassium (64 mg. per 100 g.) 
found in the samples of Percheron mares’ milk included in this study is 
somewhat less than the 80 mg. reported by Morrison (44). The potassium 
content of cows’ milk, as indicated by the reports cited in table 2, is more 
than twice that of mares’ milk. The amount of potassium in goats’ and 
ewes’ milk is appreciably higher than that of cows’ milk and decidedly 
higher than that of mares’ milk. 

Magnesium. The magnesium content of mares’ milk as obtained for the 
individual mares was fairly consistent, but the average values for the differ- 
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ent animals varied from 6.3 mg. to 11.2 mg. per 100 g. The available litera¬ 
ture supplied no data regarding the amount of magnesium in mares’ milk. 
The mean result obtained for the four Percheron mares was 9 mg. of mag¬ 
nesium per 100 g. of milk. This definitely is less than the amount of mag¬ 
nesium present in cows’ milk and goats’ milk. No data were found con¬ 
cerning the amount of magnesium in human milk. 

Calcium. The calcium content of milk, particularly that of cows and 
goats, has received considerable attention, since these milks are used most 
frequently as substitutes for human milk in infant feeding. The mares’ 
milk was found to contain an average of 102 mg. of calcium per 100 g. This 
amount is significantly less than the amount present in cows’ or goats’ milk. 
However, it is three or four times the amount reported by Forbes and Keith 
(19), Niins et al. (47), and Maynard (43) for human milk. 

Calcium-phosphorus ratio. Since calcium and phosphorus are required 
in much larger amounts than other minerals for bone formation, the ratio 
of calcium to phosphorus is of interest to those concerned with animal and 
human nutrition. The ratio of calcium to phosphorus in cows’ milk has 
been reported as 1.40 (37), 1.20 (36), and 1.27 (60); in goats’ milk as 1.44 
(6), 1.26 (43), 1.22 (27), 1.14 (19), and 1.16 (5). The values noted in the 
literature for the ratio of calcium to phosphorus in human milk were very 
limited and extremely variable: i.r., 2.69 (43), 1.84 (47), and 1.25 (19). The 
ratio of calcium to phosphorus obtained for mares’ milk Avas 1.62, a value 
which is definitely higher than that of cows’ or goats’ milk but possibly 
lower than the calcium-phosphorus ratio of human milk. It may be noted 
that Linton (40) has reported that the calcium and phosphorus content of 
mares’ milk decreased linearly with the advance of lactation, but the cal¬ 
cium-phosphorus ratio remained quite constant throughout the lactation 
period. 

SUMMARY 

Twenty-six samples of milk produced by one Palomino and four Per¬ 
cheron mares were assayed for water, protein, ascorbic acid, phosphorus, 
potassium, magnesium, and calcium. The milk Avas produced in the early 
lactation period during late winter and early spring months when the mares 
Avere subsisting principally upon hay and grain. The milk from the Palo¬ 
mino mare contained more protein, phosphorus, potassium, and magnesium 
than the Percheron mares’ milk. The average values for the milk of the 
Percheron mares were- Avater 89.7 per cent, protein 2.3 per cent, reduced 
ascorbic acid 89 mg. per liter, phosphorus 63 mg., potassium 64 mg., mag¬ 
nesium 9.0 mg., and calcium 102 mg. per 100 g. These values indicate that 
mares’ milk contains more water than cow, goat, ewe, buffalo, camel, or 
human milk; less protein than cow, goat, ewe, buffalo, or camel milk, but 
more than human milk; more ascorbic acid than cow, goat, or human milk; 
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less phosphorus than cow or goat milk but more than human milk; only about 
one-third as much potassium as cow or goat milk; and less magnesium and 
calcium than cow or gpat milk, but about four times as much calcium as 
human milk. The ratio of calcium and phosphorus is considerably higher 
in mares' milk than in cows' or goats' milk but possibly lower than in 
human milk. 

The authors wish to express their thanks to Mr. Richard Nelson of the 
Animal Husbandry Department for his assistance in collecting the samples 
of mares' milk and for his interest and cooperation. 
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PLAVONES AND FLAVONE DERIVATIVES AS ANTIOXIDANTS 


G. A. RICHARDSON, M. S. EL-RAFEY,* and M. L. LONG 
Division of Dairy Industry, College of Agriculture, Davis, California 

The demands of war lent encouragement to the search for acceptable 
inhibitors of oxidative deterioration of food fats. This impetus resulted in 
the discovery of many effective processes and chemical agents, most of which 
have been patented but few of which have been acted upon by the Food and 
Drug officials. 

The literature dealing with antioxidants has been covered by several re¬ 
views (6, 8, 9, 22, 26, 36, 37) and the characteristics and limitations of anti¬ 
oxidants and synergists have been discussed by Mattill (32), Golumbic (14), 
and others. 2 A partial list of antioxidants has been prepared (2). 

The resistance of dry milk fat to oxidation has been shown to be due 
in part to its content of reducing substances (11) as determined by the 
Emmerie-Engel reagent. This reagent was found to be non-specific for 
a-tocopherol, a fact now universally recognized. It recently has been 
modified to determine the solubility in fats of several phenolic antioxidants 
(29). Experiments with this reagent suggested that reducing substances 
or components of oxidation-reduction systems that occur naturally in foods 
and that have food value in themselves should be ideal for incorporation 
into fats or fat-containing foods to serve as protectors against oxidation. 

Reducing substances have been found among citrus juices, citrus peel, 
flower petals, rose hips and many other naturally occurring materials. 
Shrader and Johnson (44) recognized in orange juice distinct zones of oxi¬ 
dizing and reducing effects, the reducing effects being associated w T ith the 
pigments. Svirbely and Szent-Gyorgyi (45) attributed part of the reduc¬ 
ing value of orange juice to phenolic compounds later identified as flavonols. 
Hamburger and Joslyn (18) and Joslvn and Marsh (23), in studies related 
to browning of citrus juices, considered that among the reducing substances 
present in the juice were ascorbic acid and flavonols which might serve as a 
defense against browning. They believed that all of the reduced ascorbic 
acid first must be oxidized before the unknown reducing substance can itself 
be oxidized. This is in harmony with Golumbic’s view (14). The flavones 
are known to oxidize ascorbic to dehydroascorbic acid (24). 

Frankenthal (12), investigating the methylene blue reducing system of 
Palestine orange peels, found that the peel juice contained two factors not 

Received for publication March 24, 1947. 

i Present address: Fouad First University, Cairo, Egypt. 

*B. F. Daubert and H. E. Longenecker (Food Technology, 1(1): 7-10, 1947) re¬ 
cently bave given a comprehensive discussion of the rdle of antioxidants in flavor 
problems. 
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adsorbed on animal charcoal and also an iodine-reducing, lieat-stable factor 
which is adsorbed on animal charcoal and which is not ascorbic acid. The 
author recognized an oxidizing system in peel juice which acted upon 
ascorbic acid. Supporting evidence that flavone or flavone-like pigments 
contribute to the total reducing power of orange and raisin juices was con¬ 
tributed by Gatet (13), who studied the reducing power of quercetin, quer- 
citrin, and their oxidation products. The impurity accompanying the fla- 
vones was thought to be a contributing factor. The reducing activity of 
these juices and of the flavone-type solutions, as measured by the 2-6,di- 
chlorophenolindophenol method, was increased by first oxidizing in air at 
pH 8, followed by reduction by cysteine at pH 4. This may help to explain 
the beneficial results obtained by Shrader and Johnson (44) when oxygen 
was bubbled through certain batches of orange juice prior to packaging. 

The belief that the flavone and flavanone pigments participate in oxida¬ 
tion-reduction reactions is strengthened by the work of Wawra and Webb 
( (48) with citrin in which evidence was presented to show that citrin consists 
of hesperidin and the chalcone of hesperidin existing in equilibrium in an 
aqueous medium. In nature they probably exist as protein complexes and 
serve as an oxidation-reduction enzyme. The chalcone was shown to be 
capable of being reversibly oxidized and reduced. A small amount of quer- 
citrin is believed to accompany the citrin, especially in the citrus fruit (41). 

A review of the literature indicates that no attempt has been made to 
utilize the flavones or other phenyl-benzopyrone derivatives as antioxidants 
for animal fats. Greenbank and Holm (16) reported that quercetin seemed 
to possess antioxidant properties for cottonseed oil; Bradway and Mattill 
(5) found quercetin from quercitrin to be antioxygenic for a mixture of lard 
and cod-liver oil. 

From the physiological, pharmacological, and nutritional aspects, the 
addition of flavones and their derivatives to foods appears acceptable and 
beneficial. They have been reported as vitamin P in a wide variety of foods 
(3, 38, 43, 47) following the postulation of Szent-Gyorgyi (46) that citrin, a 
mixture of flavones, possessed vitamin P activity. Many workers have used 
the biological technique to determine the vitamin P potency of fruits and 
vegetables (3, 41, 42); others have employed the chemical method of Lorenz 
and Arnold (28). Weatherby and Cheng (49) utilized the boric-citric acid 
reagent and reported the flavone or quercetin-like values of food products in 
terms of quercetin equivalents. Lemon peel ranked highest among the mate¬ 
rials tested. 

The occurrence, chemical nature, and vitamin P activity of several mem¬ 
bers of the flavone group have been reviewed (20, 27, 43). Direct evidence 
that the flavonol quercetin enhances the nutritive value of butter oil has 
been reported by El-Rafey et al. (10). This is in harmony with the grow¬ 
ing appreciation of the role of antioxidants in fat, vitamin A, and carotene 
utilisation. 
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Regardless of whether the flavone-type compounds complement the 
physiological activity of ascorbic acid, there seems to be accepted evidence 
that most of the representative compounds studied have beneficial pharma¬ 
cological effects. The authors feel incompetent to analyze the extensive 
medical literature dealing with use of these compounds as therapeutic 
agents. They appear to have little or no toxicity, to be non-accumulative 
(17), and to have nutritional and medical significance (1, 31). 

EXPERIMETAL 

Substrates. Dry milk fat or butter oil was prepared by churning fresh 
pasteurized cream, melting the butter at 60° C., and deeanting and filtering 
the resulting fat at 60° G. This fat was divided into small portions and 
refrigerated until required. The lard was prepared by melting at 60° C. 
fresh pure lard, obtained in the local market, filtering and refrigerating. 
For the experiments with milk, 2 p.p.m. of copper as copper sulfate were 
added to pasteurized winter milk, susceptible to copper-induced oxidation. 

Antioxidants. These contained the phenyl-benzo-gamma-pyrone nucleus, 
usually with hydroxyl, glyco, or methoxy groups or the ehalcone isomer. 
Quercetin, quercitrin, rutin, hesperidin, methylated hesperidin, hesperidin- 
ehalcone, and others of the flavone group were studied. 3 Attempts to iso¬ 
late and purify the individual components of Szent-Gyorgyi’s citrin (46) 
were unsuccessful. Difficulty was experienced in separating and eluting 
the fractions in the Mager method (30). Recent methods should prove 
more fruitful (21, 39). 

Incorporation of antioxidants. Most of the antioxidants studied were 
more soluble in alcohol than in water or fat and hence were dissolved in 
either hot ethanol or glycerol before being incorporated into either a small 
quantity of fat in a relatively high concentration or directly into the fat in 
the concentration desired. The alcohol then was evaporated off in partial 
vacuum at from 90 to. 96° C. In the experiments with milk, 20 mg. of the 
antioxidants dissolved or suspended in 5 ml. of hot water were added to 200 
ml. of milk. The excess of the material settled out during the storage 
period. 

For the experiments in which quercetin was compared with antioxidants 
native to milk fat, stock solutions were prepared as follows: 

A. Soya bean phospholipid. Commercial Soya bean lecithin 4 was puri¬ 
fied by dissolving twice in ether and precipitating with acetone. Eight 
grams, dissolved in 5 ml. of chloroform, were added to 400 ml. of milk fat 
to give a 2 per cent solution. 

8 Querce tin , Kastman Kodak Co. 1635; queroitrin, Kastman Kodak Co. T1629, puri¬ 
fied (34) j rutin, courtesy of Dr. J. P. Crouch, Eastern Regional Res. Lab., Philadelphia; 
hesperidin-chalcone, methylated ehalcone, and hesperidin, courtesy of California Fruit 
Growers Exchange. 

4 Courtesy of Dr. Eiehberg, American Lecithin Company, Elmhurst, New York. 
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B. Tocopherol . 0.1 g. a-tocopherol, dissolved in 1 ml. of chloroform was 

added to 100 ml. of milk fat to give a 0.1 per cent solution. 

C. Quercetin . 0.1 g. quercetin, dissolved in 2 ml. hot absolute alcohol 

was adejed to 100 ml. of milk fat to give a 0.1 per cent solution. 

The solvent was removed as described. 

Incubation . Fat stabilities were determined by the open jar method, in 
which a uniform amount of the Fat is placed in similar containers and incu¬ 
bated uncovered. The temperature conditions were secured by a controlled 
oil bath, electric oven, or refrigerated cabinet. Tin* cabinet was maintained 
at approximately 10° (*. for the milk samples. 

Tests for stability . Peroxide values were determined by the Henderson 
and Young modification (19) of the Wheeler method (50). Carotene losses 
were measured as decreases in optical density (10 'a solution of the fat in 
gasoline, 1.6 cm. cell, 440 m n wave length, 35 m n band, 20° C.) using the 
Coleman, Model 11, spectrophotometer. The milk samples were scored for 
flavor as unknowns. 

RESULTS 

Effect of concentration of antioxidant. Preliminary trials having shown 
that quercetin is antioxygenic for milk fat and for lard, experiments were 
made to determine an effective concentration for its use. Figures 1 and 2 
show that a concentration of 3 mg, per 100 g., while affording protection, is 
not as adequate as a concentration of 15 or 30 mg. per 100 g. at an incuba¬ 
tion temperature of 82° C. The figures also show that the incorporation of 
15 mg. quercetin in 100 g. fat extended the times required to reach a peroxide 
value of 5 for milk fat or 10 for lard (respective arbitrarily chosen ends of 
the induction periods) from 30 to over 144 hours for milk fat and from 26 
hours to over 96 hours for lard. Competent judges were unable to detect 
by taste or color the presence of at least 30 nig. per cent of quercetin In 
butter oil, lard, or butter-like preparations made from them. 

Protection of milk fat in storage . It was shown previously (11) that 
soya bean phospholipids and a-tocopherol, either alone or in synergistical 
combination were antioxygenic for butter oil held at 79.5° C. In order to 
determine the effectiveness of these compounds at a lower temperature and 
fco compare their effectiveness with that of quercetin, a milk fat was isolated 
in the manner described except that melting and filtration were carried out 
at 41-47° C. rather than at 60° C. 

Using the stock solutions A, B, or C, or combinations of A and B, samples 
of this fat were prepared to contain from 0.01 to 0.1 per cent added phos¬ 
pholipid (mostly lecithin), from 0.003 to 0.015 per cent added a-tocopherol, 
or from 0.003 to 0.015 per cent quercetin. Synergistic combinations were pre¬ 
pared containing 0.01 per cent phospholipid and 0.003 per cent a-tocopherol; 
0.1 per cent phospholipids and 0.003 per cent a-tocopherol; or 0.1 per cent 
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» phospholipid and 0.015 per cent a-tocopherol, in addition to those naturally 
present. 

With the exception of samples 1 and 4 which were stored in test tubes 



Fig. 1. The effect of adding quercetin to butter oil on its resistance to oxidatiou 
at 82° C. 

at 4.5-10° C. (40-50° F.), approximately 100 ml. aliquots of each sample, 
contained in one-quarter pint milk bottles, with loosely-fitting caps, were 
stored at 40-50° F. from July 27,1943, until about October 1,1943. They 
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then were placed in a wooden cabinet at room temperature. At intervals 
the fats were melted and samples were taken for peroxide and color deter¬ 
minations. The results are shown in table 1. The experiment does not lend 



Fig. 2. The effect of adding quercetin to lard on its resistance to oxidation 
at 82° C. 

itself to an evaluation of absolute protection factors of the antioxidants, but 
the data suggest that a-tocopherol added to milk fat, normally containing 
tocopherol (2-3 mg./lOO g.), has no protective value under these conditions 




Effect of antioxidants on the storage life of milk fat 
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of storage. It even appears prooxygenic. Soya bean phospholipid (mainly 
lecithin), of itself and in combination with a-tocopherol, is definitely anti- 
oxygenic for milk fat. The proportion of 0.003 per cent tocopherol to 0.1 
per cent phospholipid (sample 9) appears a desirable addition. 

The phospholipid content of the control fat was 0.0214 per cent (calcu¬ 
lated as lecithin). Assuming that milk fat contains 0.0025 per cent toco¬ 
pherol, sample 9 had a tocopherol: phospholipid ratio of approximately 
1:22, whereas the ratio for the control fat was approximately 1:8.6. 

The effectiveness of quercetin, especially in the 0.015 per cent concentra¬ 
tion, is outstanding. The 0.1 per cent concentration, while effective, is in 
considerable excess of the solubility of quercetin in fat. The protective 
action of quercetin for carotene will be the subject of a later paper. 

The relative effectiveness of quercetin and commercial quercitrin. Quer¬ 
cetin and quercitrin (unpurified), Eastman Kodak Co., were added to milk 
fat and to filtered lard colored with carotene by the addition of 0.4 ml. of a 
concentrate 5 to 200 ml. lard. After removal of the solvent, ethanol, 50 ml. 
samples, in 200-ml. straight-walled bottles, were incubated in the dark at 
47-50° C. Table 2 shows that quercetin is more effective than quercitrin on 
the weight basis. The latter is a quercetin 3-rlianinoside and has a quercetin 
equivalent of 354 mg. per gram as determined by the method of Weatherby 
and Cheng (49). On this basis, then, the quercitrin was present only in a 
quercetin-equivalent concentration of approximately 7 and 10.5 mg. per 
cent in the milk fat and lard, respectively. 

Other flavone-type compounds as antioxidants. Following the procedure 
suggested by Wawra and Webb (48), crude preparations of hesperidin and 
its chalcone were made from air-dried orange and lemon peels. Their iden¬ 
tity and purity were not established. The compounds, dissolved in ethanol, 
were incorporated by the described procedure, but the samples were subjected 
to a fluctuating temperature of 72-75° C. for the first 72 hours, except for 
about 6 hours at 90° C. They then were incubated at 48-50° C. The re¬ 
sults in table 3 show that rutin from tobacco (quercetin-equivalent approxi¬ 
mately 300 mg. per gram) has lower antioxygenic properties than quer¬ 
citrin. Sample 4, containing rutin and a crude mixture of hesperidin and 
its chalcone, had a pronounced fruity odor after the first heating. This 
largely disappeared as incubation progressed. The sample showed remark¬ 
able resistance to the accumulation of peroxides. Sample 6 indicates the 
potential antioxygenic properties in the chalcone. This is demonstrated 
more conclusively in table 4. Partially purified flavanones (hesper idin, 
hesperidin-chalcone, methylated hesperidin-chalcone) and a lemon peel in¬ 
fusion concentrate prepared by the method of Szent-Gyorgyi for vitamin P 
studies were kindly furnished by California Fruit Growers Exchange. 
These were incorporated into milk fat in the manner already described, and 

» Courtesy of H. M. Barnett, Barnett Labs., Long Beach, California. 
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•Samples 1 and 5 received the same prc-incubation treatment as samples 3, 4, 7, and 8. 







Hesperidin and hesperidin chalcone as antioxidants for milh fat 
(1945) 
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HC—Hesperidin chalcone—Courtesy California Fruit Growers Exchange. 

H—Hesperidin, crude—Courtesy California Fruit Growers Exchange. 

Lemon peel infusion for vitamin P studies—Courtesy California Fruit Grovers Exchange. 
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the fat samples were incubated at from 60 to 80° C. during the day and 
chilled during the night or over the weekend. The results indicate that 
hesperidin has little or no antioxidant value. Other experiments, not re¬ 
ported, showed that the methylated chalcone probably is too stable to serve 
as an antioxidant. The data, however, show that the natural chalcone pro¬ 
tects milk fat against oxidation. 

Inhibiting oxidation in susceptible milk. Twenty mg. of the compounds 
listed in table 5 were added to 200 ml. of warm pasteurized susceptible milk 

TABLE 5 

Flarone-type compounds as antioxidants for mill ■ susceptible to copper-induced oxidation 


Sample 

no. 

Antioxidant 

Numerical 

score* 

Comments 

1 

Key, no copper 

21 

Old, very si. oxidized 

2 

Hesperidin 

18 

Oxidized 

3 

Hesperidin -chalcone- 

21 

81. foreign 

4 

protein complex t 
• Butin 

21 

Old 

5 

Quercitrin 

22 

Lacks freshness 

6 

Control, with copper 

18 

Oxidized 

7 

Lemon peel infusion con¬ 
centrate (vitamin P) 

20 

Old, si. oxidized 

8 

Quercetin 

22 

Old, lacks freshness 

9 

| 

Same as 7, except one- 
half concentration 

19 

Oxidized 

11 

Hesperidin chalcone 

20 

Foreign flavor 


* Flavor and odor; 25, no criticism, 
t Prepared by method of Wawra and Webb (48). 


along with 2 p.p.m. of copper. A control was prepared omitting the com¬ 
pound ; a key sample, containing no added copper, was included. All were 
cooled and placed in a refrigerated cabinet (10° C.) and scored as un¬ 
knowns on the third day. The scores and comments of one of the judges, 
concurred in by the other judges, are shown in the table. All of the fiavones 
and flavanones studied inhibited the development of the oxidized flavor com¬ 
mon to winter milk. Experiments are contemplated in which the antioxi¬ 
dant will be incorporated prior to pasteurization. 

DISCUSSION 

The fiavones and flavone derivatives are distributed widely in the plant 
kingdom and occur as glycosides, in the free state, and in association with 
proteins and tannins. They all have the basic phenyl-benzo-gamma-pyrone 
structure, the pyrone nucleus apparently being responsible for their char¬ 
acteristic chemical activity. The key structures, according to Mayer and 
Cook (33), are as follows: 
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Flavonol Chalcone 

(keto form) 


Mayer and Cook state that a flavanone may be dehydrogenated to a 
flavone and a chalcone may be converted to the flavonol by treatment with 
hydrogen peroxide. The chalcone in acid medium is believed to isomerize 
into the flavanone, the reverse taking place in the alkaline medium (48). 

Of the flavone-type compounds studied, those giving a positive boro- 
citric test (51) were most efficient as antioxidants. This test apparently 

I 

involves the —C—C=C— group. Quercetin (3,5,7,3',4', pentahydroxy- 



flavone), quercitrin (3-rhamnoside of quercetin), rutin (3-rntinoside). and 
possihly the chalcone of hesperidin (48) all contain this grouping and all 
have antioxidant activity. It would seem logical, therefore, to infer that 
the labile pyrone confers antioxidant properties. The closed, saturated 
ring of hesperidin apparently does not satisfj’ this condition and it has very 
little, if any, antioxidant value, at least in the absence of a synergist of lower 
oxidation potential. 

A theoretical discussion of the manner in which flavones and their deriva¬ 
tives protect a fat against oxidation is somewhat premature. Milk fat as 
usually isolated is afforded some protection by the phosphatides, tocopher- 
ols, and other reducing substances which it contains. These are difficult to 
remove without effecting changes in the fat itself. Carotene cannot be 
ignored. In milk itself the natural oxidation-reduction system or systems 
is not a simple one, even if ascorbic acid is excluded. Furthermore, indi¬ 
vidual flavones and flavanones are not easily isolated from their isomers and 
other naturally-occurring pigments. 
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The data are interpreted as supporting the modern concept of anti¬ 
oxidants. Very little seems to be known of the oxidation-reduction poten¬ 
tials of the flavones in a fat medium. The potential of a fat peroxide is 
not known, but that of a fresh fat may be about 1.0 volt (15). Gatet (13), 
by oxidizing quercetin in air at pH 8, followed by reduction with cysteine 
at pH 4, increased its apparent concentration toward 2,6-dichlorophenol- 
indophenol about four-fold. It would seem that the potential of this ac¬ 
tivated quercetin in a water-alcohol medium at pH 7 is somewhat less than 
0.22 volt. If this is true, sulfhydryl compounds and possibly ascorbic acid 
might well be expected to act synergistically with these flavones. Sample 4, 
table 3, suggests that a combination of a flavone and a chalcone may be very 
effective in inhibiting the accumulation of peroxides. This aspect is being 
studied. 

It is not known if ingested flavones or flavanones will be deposited in the 
body fat, carried in the blood stream, or secreted in the milk of animals, as 
appears to occur under certain conditions with tocopherol (7). None was 
found in the livers of rabbits (51) or in milk (35), and Robeznicks (40) 
was unable to establish either the presence or absence of flavones in the 
liver, kidney, or milk of animals. Feeding citrus molasses or dried citrus 
pulp to dairy cows has proved satisfactory and no ill effects on the milk 
flavor have been found (4, 25). If ingested flavones are found to be de¬ 
posited in the body fat and secreted in milk, the authors are of the opinion 
that these ingested compounds would result in enhanced stability of meat 
products and improved keeping quality of -winter milk and of whole milk 
products. 

The lack of specific tests for flavones and flavanones, especially in the 
presence of interfering substances, coupled with the difficulty of securing 
foodstuffs free from flavones, makes conclusive results hard to obtain. 

CONCLUSIONS 

1. Flavones, as illustrated by quercetin, quercitrin, and rutin, have been 
shown to be effective antioxidants for milk fat and lard. 

2. The flavanone glycoside hesperidin appears to have little or no anti¬ 
oxidant values; its chalcone is active. 

3. It is suggested that the —C—C=C— group in the pyrone ring or in 

II I I 

0 

the open chalcone is responsible for the antioxidant activity. 

The helpful suggestions of Professors G. Mackinney and H. G. Reiber 
in reviewing the manuscript, and the assistance of Professor C. L. Road¬ 
house and Mr. C. A. Phillips in the organoleptic tests are acknowledged. 
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VARIATION IN THE CONSTITUENTS OP MILK UNDER ARIZONA 
CONDITIONS. I. VARIATIONS OF INDIVIDUAL 
COWS WITHIN BREEDS BY CALENDAR 
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Various investigators have found that the composition of milk varies 
throughout the year. These variations have become increasingly important 
to the producer. There have been instances in which milk produced in 
Arizona was represented as being below the legal requirement in serum 
solids but well above the minimum in fat. Both fat and serum solids often 
drop below the prescribed legal minimum, as shown by Overman, Sanmann, 
and Wright (7), with minimum serum solids values for Jersey, Guernsey, 
and Holstein milk of 7.68, 8.10, and 7.82 per cent, respectively. 

Various investigators (2, 5, 8,12, 14, 15) have studied seasonal variations 
in the composition of milk and have found that the butterfat percentage is 
lowest in summer and highest in winter. They have concluded that the 
butterfat test varies inversely with environmental temperature. Clothier 
. (2) reported characteristic changes in fat content of Arizona milk without 
the corresponding decrease in environmental temperature. Hays (4) con¬ 
cluded from a 258-day operation that low environmental temperature is a 
major factor in the increase in percentage of fat. Regan and Richardson (9) 
also noted decreases in milk production, percentage serum solids, and casein 
content of the milk when the environmental temperature was raised. 

The data of Overman et al , (7) show that of 199 samples of milk from 
fifteen Jersey cows, five samples (2.5 per cent), all from one cow, contained 
7.68 to 8.23 per cent serum solids and 3.28 to 4.03 per cent fat, respectively; 
of 321 samples from sixteen Guernsey cows, none had tests below the 3.25 
per cent minimum for butterfat and four samples (1.2 per cent), from two 
cows, had 8.19, 8.28, 8.45, and 8.34 per cent serum solids and 3.88, 3.90, 4.40, 
and 4.56 per cent fat, respectively; of 268 samples from nineteen Holstein 
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cows, 85 (31.7 per cent) from twelve cows were below the minimum for 
butterfat and 24 samples (8.9 per cent) with 3.25 per cent or higher fat had 
less than 8.50 per cent serum solids. 

EXPERIMENTAL 

This study is concerned with the variations in the constituents of milk 
from individual, purebred Jersey, Guernsey, and Holstein cows and offers 
hitherto unpublished data on constituents of milk from Arizona cows. The 
milk used in this study was from cows in the herd of the University of 
Arizona. Samples were taken of the milk of each cow 1 day each month 
during the lactations over a period of 30 months. Representative samples 
were taken of the night and morning milk and then brought directly to the 
laboratory. 

Determinations were made of percentage of butterfat, total solids, lactose, 
and protein. The percentage of butterfat was determined by the Babcock 
method; the total solids by the Mojonnier method; and the serum solids were 
calculated by difference. Total nitrogen was determined by the Kjeldahl 
method; the total nitrogen percentage then was multiplied by the factor 6.40 
to obtain the percentage of protein. The polariscope was used to analyze 
for lactose. The serum solids of samples of milk shown in table 2, column 2, 
were calculated by the method of Jacobson (6). The method is based on 
data of over 100,000 herd samples of milk. The serum solids in the skim 
milk obtained from the sample and from normal milk were calculated by 
dividing the serum solids of the milk by 100 minus the fat percentage of the 
milk as shown by Sommer (12). 

Figures 1 to 3, inclusive, give the average monthly values of each con¬ 
stituent for the three breeds studied. The data collected over a period of 30 
months represent analyses of milk from eleven Jersey, eleven Guernsey, and 
twelve Holstein cows. At the beginning of the study the number of cows in 
their first to sixth lactations, respectively, were: Jersey, 5, 2, 2, 1, 1, 0; 
Guernsey, 7, 2, 0, 1, 1, 0; and Holstein, 4, 2, 1, 4, 0, 1. 

TABLE 1 


Maximum, minimum, and average values for milk constituents of individual 
cows of three breeds 


Breed . 

No. of samples .... 

Jersey 

160 

Guernsey 

139 

Holstein 

207 


Max. 


Av. 

Max . 

Min . 

Av . 

Max . 

Min . 

Av, 

Lbs. milk daily .... 

43.5 

■ 

23.5 

54.8 

11.5 

26.9 

82.3 

11.9 

40.0 

% Total solids .... 

17.2 

EH 

14.6 

16.6 

12.1 

14.2 

14.7 


12.1 

% Serum solids .. 

11.3 

7.9 

9.5 

11.5 

7.4 

9.4 

10.3 

7.4 

8.6 

% Fat . 

7.8 

K9 

5.1 

6.7 

3.1 

4.9 

7.8 

2.6 

3.5 

% Lactose . 

5.7 

K9 

4.7 

5.5 

4.2 

4.9 

5.5 

3.7 

4.8 

% Protein . 

4.1 

3.2 

3.7 

4.5 

2.9 

3.7 

4.0 

2.6 

3.0 

Ratio of serum 







solids to fat. 

2.96 

1.20 

1.85 

2.96 

1.36 

1.92 

3.08 

1.20 

2.44 
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VARIATIONS IN MILK CONSTITUENTS 



Fig. 1 . Variations in constituents of milk from Jersey cows by calendar months, 
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Fig. 2. Variations in constituents of milk from Guernsey cows by calendar months. 
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. Weighted averages were calculated by dividing the pounds of each con¬ 
stituent by the production. The maximum, minimum, and average values 
of the combined data are shown in table 1. 

TABLE 2 

Samples of milk with abnormal relationship between fat and serum solids 


% Serum solids 


% Fat 

Determined 

analytically 

Skim milk* 

Normal 

milkt 

Normal 
skim milk* 

% Fat for 
serum solidsi 

J ersey 

7.8 

9.33 

■Rf WM 


■ 

5.7 

7.4 

9.66 

aw# «§e 

wp 

SR f 

6.5 

7.2 

9.32 

ISHfa'i 'kF 



5.6 

6.9 

9.15 

Ski: 


10.56 

5.2 

6.7 

8.88 


9.75 

10.45 

4.5 

6.3 

7.85 

8.38 

9.59 

10.23 

2.0 

Av.. 7.05 

9.03 

9.71 

9.89 

10.64 

4,92 


Guernsey 


5.9 

8.00 


9.43 

10.02 

2.3 

5.5 

8.86 

9.50 

9.27 

9.81 

4.5 

5.0 

8.74 

9.20 

9.07 

9.55 

4.2 

4.6 

8.13 

8.52 

8.91 

9.34 

2.7 

4.2 

8.26 

8.62 

8.75 

9.13 

3.0 

Av. 6.04 

8.40 

8.87 

9.09 

9.57 

3.34 


Holstein 


7.8 

9.36 

10.15 

10.19 • 

11.05 

5.8 

6.1 

7.39 

7.87 

9.51 

10.13 

0.8 

Av.. .... 6.95 

8.38 

9.01 

9.85 

10.59 

3.30 


* Seram solids of skim milk calculated by method of Sommer (12). 
t Serum solids values of normal milk calculated by method of Jacobson (6). 
t Normal percentage of fat for serum solids in the sample calculated by method of 
Jacobson (6). 


DISCUSSION 

The values in table 1 show the most widely variable constituent of milk 
to be the butterfat, followed in order by protein, total solids, lactose, and 
serum solids. The maximum percentage of butterfat is 3.0 times the mini¬ 
mum value; Ihe corresponding values for protein, total solids, lactose, and 
serum solids are 1.74,1.63, 1.56, and 1.54, respectively. The maximum and 
minimum values in table 1 include samples which were abnormally high in 
fat and abnormally low in serum solids. Two samples of Jersey milk had 
abnormally high fat tests of 7.8 and 7.4 per cent, the remaining samples test¬ 
ing from 3.4 to 7.2 per cent fat. One Jersey sample contained only 7.38 per 
cent serum solids, the next lowest test for this breed being 8.24 per coat. 
Except for one sample with a value of 7.38 per cent, the Guernsey samples 
varied from 8.00 to 11.54 per cent serum solids. Two samples of Holstein 
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milk tested 7.8 and 6.1 per cent fat, the other 205 samples testing 2.6 to 4.8 
per cent fat. The two lowest serum solids values for Holstein milk were 
7.39 and 7.72 per cent. 

Comparison of these values with results of other investigators shows 
slightly lower total solids averages for the three breeds studied. The average 
butterfat percentages of Jersey and Holstein milk were essentially the same 
as the values given by Overman et al. (7), and 1.31 per cent below the value 
reported by Sherman (10) on monthly samples over a 5-year period. The 
Guernsey fat content was found, however, to be lower than that reported by 
other workers (3,7). The lactose and protein contents of Guernsey milk and 
the lactose values of Holstein milk were in agreement with these other in¬ 
vestigators, while the protein content of Holstein milk and the lactose and 
protein contents of Jersey milk were lower. The fact that many of these 
values are lower than is reported in the literature might be attributed, in 
part, to the higher mean annual temperature of the Tucson area (11) as 
contrasted with other localities from which data have been collected. 

The four individuals which represent one cow family have lowered the 
average value for each constituent of the milk of the Jersey breed in this 
study. The data on the milk from these cows show the milk to be 0.28 per 
cent lower in total solids and 0.31 per cent lower in lactose. The serum 
solids, fat, and protein were 0.22, 0.05, and 0.07 per cent lower, respectively. 
The results obtained from the data on the milk from the remaining seven 
Jersey cows are in agreement with results of Overman et al. (7). 

As indicated in table 1, the minimum value for serum solids of certain 
individual cows of each of the three breeds was lower than the existing legal 
requirement of 8.5 per cent for Arizona. The averages for the Jersey, 
Guernsey, and Holstein breeds were 9.45,9.39, and 8.59 per cent, respectively. 
The data show the serum solids values to be exceedingly low in proportion to 
fat in some of the samples. Four samples (2.5 per cent) of Jersey milk, 
three samples (2.16 per cent) of Guernsey milk, and 97 samples (47.5 per 
cent) of the milk from Holstein cows were below the legal minimum. Each 
of the Holstein cows produced milk low in serum solids at some time during 
the experiment; samples below 8.50 per cent serum solids varied from 9.0 to 
87.5 per cent of those from each cow. Nine Holstein cows sired by the same 
bull had an average ratio of fat to serum solids of 1:2.40 as compared to 
1:2.57 for the three other cows of this breed. Three of the group of nine and 
one of the group of three cows had average serum solids values below the 
legal requirement. These results are in agreement with work of Caulfield 
et al. (1), who reported that 9 of 25 Holstein cows produced milk which 
averaged less than 8.5 per cent serum solids. 

The fat tests of the milk from the twelve Holstein cows show 47 samples 
(22.7 per cent) were less than 3.25 per cent. The nine related cows had 20 
tests (9.7 per cent) below 3.25 per cent as compared to 27 (13.0 per cent) 
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for the other group. One sample of Guernsey milk contained less than 3.25 
per cent fat. All samples of Jersey milk exceeded the minimum fat re¬ 
quirement. 

The data in table 2 show six samples (1.9 per cent) of milk from indi¬ 
vidual Jersey cows to have abnormal relationships between fat and serum 
solids. Five samples (3.6 per cent) of Guernsey milk were abnormally low 
in serum solids, with values of 8.00 to 8.86 per cent for milk containing 4.2 
to 5.9 per cent fat. Two samples (0.1 per cent) of milk from Holstein cows 
had abnormal fat tests of 6.1 and 7.8 per cent with serum solids values of 
7.39 and 9.36 per cent. 

Figure 3 also shows the monthly average serum solids content of Holstein 
milk was less than 8.50 per cent in June, August, and October, with slightly 
higher values in the intervening months. Experimental evidence on the 
effect of environmental temperatures on the percentage of fat in cow’s milk 
has been presented by numerous investigators (5, 8, 12, 13). Turner (13) 
reported an increase of almost 0.2 per cent in the fat content of milk with 
each decrease of 10° F. in environmental temperature between 30 and 70° F. 
The data reported herein indicate that the higher environmental tempera¬ 
tures of spring and summer are responsible, in general, for the lower fat 
content of the Jersey milk. The mean maximum temperatures for spring, 
summer, fall, and winter seasons were 82.6, 99.3, 84.8, and 66.9° F., respec¬ 
tively (table 3). The fat tests of milk from Jersey cows during these sea¬ 
sons were 4.95, 4.84, 5.09, and 5.51 per cent. These fat tests represent ten 
lactations begun in the spring and summer when the mean maximum tem¬ 
perature was 91.0° F. and ten begun in the fall and winter period when the 
mean maximum temperature was 75.9° F. 

TABLE 3 


The number of lactations bn/un by season for each breed and mean maximum 
temperatures during experimental period 


Season 

Mean maxi¬ 
mum temp. 

Jersey 

Guernsey 

Holstein 

Spring 

(°*0 

82.6 

8 

5 

3 

Summer . 

99.3 

2 

8 

n 

Fall . 

84.8 

7 

4 

8 

Winter . 

66.9 

3 

2 

3 


The fat tests of the milk from Guernsey cows for the same periods were 
5.06, 4.26, 4.72, and 5.49 per cent, respectively. Thirteen lactations were 
begun in spring and summer and six in the fall and winter months. The 
fat test for the summer period was lowest, and milk production on the 
* ‘ fat-corrected-milk ’ ’ basis also was lowest then. These results indicate that 
the higher environmental temperature had a greater influence on the fat test 
of Guernsey milk than did the advancing stage of lactation. 
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The Holstein milk contained 3.49, 3.42, 3.57, and 3.61 per cent fat in the 
respective seasons. Inasmuch as fourteen lactations were nearing comple¬ 
tion in early spring and summer and eleven lactations begun in the cooler 
months were approximately at mid-point, the average fat test was con¬ 
sistently lower during the warmer months. 

The data presented in table 4 show the average percentage of fat in the 
milk from the cows of the three breeds with each 10° variation in mean maxi¬ 
mum temperature between 60 and 109° F. The average for all samples 
shows a decrease of 0.1 per cent fat for each 10° rise in mean maximum tem- 

TABLE 4 


Average fat tests by range of mean maximum temperatures 


Range (° F.) 

Av. (° F.) 

60-69 

63.6 

70-7!) 

74.3 

80- 

85 

-89 

7 

90-99 

94.3 

100-109 

303.7 


No. 

Av. 

No. 

Av. 

No. 

Av. 

No. 

Av. 

No. 

Av. 


sum* 

% 

sum- 

% 

sain 

°7c 

sam- 

re 

sam- 

% 


pies 

fat 

pies 

fat 

pies 

fat 

pies 

fat 

pies 

fat 


28 

5.12 

48 

4.85 

36 

4.90 

27 

4.98 

21 

4.36 

<»uernscy 

26 

5.37 

38 

5.37 

39 

4.94 | 

19 

4.47 

17 

4.75 

Holstein 

Av. 

i 43 

i 

1 

3.61 

4.53 

58 

3.54 

4.46 

46 

i 

3.36 
4.35 | 

32 

i 

3.43 

4.27 

23 

3.57 

4.27 

i 


‘perature. These data are in agreement with results of Turner (13), who 
reported an increase of 0.2 per cent fat for each 10° decrease in environ¬ 
mental temperature between 30 and 70° F. The differences in climatic con¬ 
ditions have reflected less effect on the fat content of the milk at the higher 
temperatures in Arizona. The great diurnal temperature range of this sec¬ 
tion (11), accompanied by lower humidity, produces high daytime tempera¬ 
tures and considerably lower temperatures at night. Daily temperatures 
may vary # as much as 45 to 65° F., with an average variation of 30°. 

SUMMARY 

(1) In general, a corresponding rise was noted in the total solids, serum 
solids, and protein when the butterfat content increased, except that in some 
eases samples were abnormally high in fat and low in serum solids. 

(2) An increase in the protein content was accompanied by increased 
butterfat, total solids, and serum solids, and by a decrease in the ratio of fat 
to serum solids. 

(3) An inverse relationship existed between milk production and total 
solids, serum solids, and butterfat percentages of the milk. 

(4) In general, an inverse relationship was present between the lactose 
and the protein percentage of the milk. 

(5) The total solids, butterfat, and serum solids content of the milk was 
higher in winter and lower in summer. The difference presumably is due 
mainly to the higher environmental temperatures of the summer months. 
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(6) The lower butterfat test of the Guernsey milk is due primarily to 
the higher environmental temperature. Milk from Guernsey cows had the 
greatest variation in fat test by season of the three breeds studied. 

(7) Environmental temperatures appear to exert a greater influence on 
milk and butterfat production than does the advancing stage of lactation. 

(8) The percentage of samples of milk falling below the minimum state 
requirement for serum solids and fat, respectively, were: Holstein, 47.5 and 
22.7; Guernsey, 2.2 and 0.6; Jersey, 2.5 and 0. 

(9) Using averages for all animals as the basis of calculation, the 
butterfat content of milk decreased 0.1 per cent for each 10° rise in mean 
maximum temperature between 65 and 105° F. under Arizona conditions. 

(10) A Jersey cow family was found to produce milk 0.31 per cent lower 
in lactose than normal for the Jersey breed. 
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A definite relationship usually is considered to exist between the stage 
of lactation and the composition of milk. This study is concerned with such 
variations under Arizona conditions. Work has been reported which would 
indicate that environmental temperature exerts a greater influence than 
advancing lactation upon the constituents of milk. 

REVIEW OF LITERATURE 

White and Judkins (9) studied the variations in serum solids and fat 
in milk of cows freshening in each of the 12 months of the year. They re¬ 
ported that on 87 lactations of 80 cows over 7.5 years, the lowest serum solids 
content of the milk was found in June and July and the highest values 
during the winter months, irrespective of the time at which the lactations 
began. The butterfat percentages usually decreased during the second 
month and increased to the end of the lactation except when the lactation 
ended in summer, in which case the fat content was not significantly higher. 
Ragsdale and Turner (6) also found, in the study of 4,045 records, that the 
butterfat decreased in the second month. In some cases this decline con¬ 
tinued for at least 3 months and then the per cent of butterfat gradually 
increased. These investigators concluded that the stage of lactation influ¬ 
ences the fat content of the milk and the variations are independent of the 
season of the year. Turner et al. (7) concluded from the study of 3,215 
lactations that Guernsey cows produce 94 per cent of the previous month’s 
milk production through the entire period of decline of milk secretion. Van 
Slyke (8) noted similar butterfat trends and reported a decrease in protein 
in the second month of the lactation; these two constituents then increased 
in the following months. The data on 293 lactations presented by Becker 
and Arnold (2) show that the butterfat content of Jersey milk was lowest 
(4.59 per cent) in the second month of the lactation and increased to 5.56 
per cent in the final month. These authors also report that the average 
butterfat level varied by calendar month in Florida in the years 1917 to 
1932 from 4.76 per cent in August to 5.67 per cent in September. Wylie (11) 
reported that of 326 Jersey cows freshening in January, the initial fat 
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test of 4.89 per cent increased slightly to the sixth month and rose toward 
the end of the lactation. The milk of 125 cows freshening in July showed a 
higher fat content in January. All other lactations showed the highest fat 
content of the milk at the end of the lactation. These investigators con¬ 
cluded that the stage of lactation exerted greater influence than did the 
season of the year on the fat content of the milk. 

Bartlett (1) reported on 294 complete lactations, each of 8 months or 
more, emphasizing the influence of the age of the cow upon variations of milk 
constituents. Cows in their first lactation showed an average variation in 
serum solids of 9.46 to 9.81 per cent as compared to 9.24 to 9.65 per cent in 
the second lactations; the serum solids of mature cows was reported to be 
9.18 to 9.62 per cent. Corresponding figures for barren cows were slightly 
lower and even declined toward the close of the lactation. The increase of 
serum solids in advanced lactation became less pronounced as the cow aged; 
at the ninth lactation serum solids were only 94.5 per cent of that of the first 
lactation. Woodward (10) plotted milk production and fat tests from lacta¬ 
tion records of 15,442 cows in twelve states. He noted that the peak of 
milk production w T as reached in the second month. The butterfat percentage 
was lowest in the third month, after which there was a steady increase. 

EXPERIMENTAL 

The cows selected for this study were eleven purebred Jersey, eleven 
Guernsey, and twelve Holstein cows of the University of Arizona Herd. The 
lactations studied began in the various months throughout the 30-month ex¬ 
perimental period. Analyses were made monthly on representative samples 
of milk from individual cows. The data collected represent seven to ten 
monthly tests during each lactation. The lactose and protein values repre¬ 
sent complete lactations of four of the eleven Jersey, five of eleven Guernsey, 
and nine of twelve Holstein cows. Weighted averages were used in the 
presentation of the data and are computed by dividing the total pounds of 
each constituent by the total pounds of milk produced. 

The butterfat content of the milk was determined by the Babcock test, 
total solids by the Mojonnier method, and serum solids by calculation of 
difference. The polariscope was used to analyze for lactose. The! Kjeldahl 
method was used to determine total nitrogen; the total nitrogen value was 
multiplied by the factor 6.40 to give the percentage of protein. 

The average variations of each constituent of milk by month of lacta¬ 
tion for the Jersey, Guernsey, and Holstein cows are presented in figures 1 
to 3. The data represent 64 complete lactations for the 34 cows of the three 
breeds. Twenty-five cows were in their first three lactations and the remain¬ 
ing nine in their fourth to sixth lactations at the beginning of the experi¬ 
ment. Data were plotted to indicate the average day of the month of the 
lactation on which samples were obtained for analyses. Table 1 shows com- 
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Fio. 1. Variations in constituents of milk from Jersey cows by month of lactation. 
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3 J Variations in constituents of milk from Holstein cows by month of lactation. 
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parisons in the results of this study with results obtained by Overman et al . 
(5) at the Illinois Station. 


TABLE l 


Comparison by breeds of data on milk composition as obtained in this study and 
by Overman et ah (5) at the Illinois Agricultural 
Experiment Station 


Breed 

Jersey 

Guernsey 

Holstein 


Ariz. 

Ill. 

Ariz. 

in. 

Ariz. 

Ill. 

No. of samples 

103 

109 

100 

321 

159 

268 

Constituent 

(%) 

(%) 

(%) 

(%> 

(%> 

(%> 

Total solids 

14.62 

14.6941 

14.24 

14.8562 

12.11 

12.2667 

Serum solids 

9.45 

9.5105 

9.38 

9.6698 

8.58 

8.8615 

Fat . . 

5J6 

5.1836 

4.85 

5.1865 

3.53 

3.4050 

Protein 

3.68 

3.8629 

3.56 

4.0152 

3.00 

i 3.2987 

Lactose 

4.74 

4.9447 

4.86 

4.9126 j 

4.83 

| 4.8875 


DISCUSSION 

The data presented in figure 1 show, in part, the daily milk production 
of the Jersey cows. The initial rise in production represents an average 
increase of 2.65 lbs. (8.52 per cent) of milk per day in the second month of 
the lactation. A gradual decrease of 44.96 per cent from the third month 
to the end of the lactation was accompanied by a decrease in the lactose 
content of 10.42 per cent and increases in the fat and total solids content 
of the milk of 12.11 and 7.54 per cent, respectively. Figure 1 also shows 
that the serum solids values did not rise with the corresponding increase in 
fat in the last 4 months. This is shown also by the ratio of fat to serum 
solids. Data for each cow show the average fat test ranges from 4.4 to 6.1 
per cent, serum solids from 9.0 to 9.6 per cent, and lactose from 4.4 to 5 V 3 
per cent. 

All of the values obtained on the constituents of Jersey milk were lower 
than values reported by Overman et al. (5). The average lactose value of 
4.74 per cent is 0.20 per cent lower. The four Jersey cows producing milk 
low in lactose and also in the other milk constituents were sired by the same 
bull. The protein value of 3.68 per cent was 0.18 per cent lower. Since the 
fat content was only 0.02 per cent lower, the lower lactose and protein values 
were mainly responsible for lower total solids and serum solids values. 

The total solids, fat, and protein content of milk from Jersey cows de¬ 
creased 1.00, 2.01, and 11.57 per cent, respectively, from the first to the 
second month and increased 6.40, 26.51, and 8.99 per cent from the second 
to the tenth month of the lactation. The serum solids varied only 3.10 per 
cent between the highest and lowest value. 

Figure 2 shows that in Guernsey milk, the percentages of totai solids, 
serum solids, fat and protein increased throughout the lactation with the 
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exception of the eighth month, in which only the protein and serum solids 
values increased over the previous month. Eight lactations were begun in 
the spring and summer months. The two previous months of these lacta¬ 
tions were in the cooler months and showed a marked increase in the total 
solids, which may be a result of lower environmental temperature. Also, two 
of the ten samples obtained from ten cows in their seventh month of lactation 
were considered abnormally low in serum solids, with values of 8.00 and 
8.92 per cent for milk containing 5.9 and 5.7 per cent fat, respectively. The 
average serum solids value of the remaining eight cows was 9.45 per cent, 
only slightly lower than the values of 9.58 and 9.51 per cent for the sixth 
and eighth months of lactation. Fifty-one per cent of the samples had 
lactose and protein determinations, and this group had slightly higher total 
solids, serum solids, and fat values. 

The milk from the Guernsey cows decreased in total solids and serum 
solids from the first to the second month by 0.3 and 3.0 per cent, respectively. 
The fat and protein content increased 4.1 and 10.4 per cent, respectively, 
from the first to the second month, and increased 21.8 and 14.7 from the 
second to the tenth month. The total solids and serum solids increased 14.1 
and 9.9 per cent in the same period. 

Figure 3 shows the variations in constituents of milk from Holstein cows 
throughout the lactation. The milk production was highest in the first month 
of lactation, with an average of 58.9 lbs. per day In the second month 58.1 
lbs. were produced, and the milk production decreased to the end of the lac¬ 
tation. The corresponding increase in total solids was from 11.7 per cent in 
the second month to 12.8 and 12.6 per cent in the ninth and tenth months. 
The serum solids increased only 6.0 per cent during the entire lactation. The 
lactose >vas highest in the first 3 months, with values of 5.02, 5.04, and 5.01 
per cent, respectively, and decreased to 4.54 per cent in the tenth month. 
The protein increased steadily from 2.66 per cent in the second month to 
3.30 per cent in the.ninth month. 

The average fat content of Holstein milk in the second month was 3.27 
per cent, only slightly above the legal minimum. The fat increased to 3.36 
per cent in the fourth month, but the milk was below the minimum in serum 
solids, with values of 8.42, 8.47, 8.42, and 8.44 per cent, respectively, in each 
of the first 4 months. The serum solids increased gradually to 8.96 and 8.89 
per cent in the ninth and tenth months, respectively, vrith fat tests of 3.81 
and 3.76 per cent in the same months. In the first 4 months of the lacta¬ 
tion 62.0 per cent of the samples were below 8.50 per cent serum solids as 
compared to 32.5 per cent in the 6 remaining months. Thirty-four per cent 
of the samples were below 3.25 per cent fat in the former period and 18.7 
per cent in the latter period. 

The milk from Holstein cows showed decreases of 3.69, 13.26, and 9.52 
per cent in the total solids, fat, and protein content from the first to the 
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second month of lactation. The serum solids increased 0.59 per cent in that 
time. The production from the second to tenth month showed increases of 
7.12, 4.72, 13.01, and 17.65 per cent in total solids, serum solids, fat, and 
protein, respectively. 

The decline in milk production throughout the lactation was approxi¬ 
mately the same for the Jerseys and Holsteins and slightly greater for the 
Guernseys, as shown by decreases of 51.50, 51.94, and 59.49 per cent, re¬ 
spectively. Milk from Jersey cows averaged 14.65 per cent less lactose at 
the end of the lactation, as compared to 9.88 and 9.92 per cent for the 
Guernsey and Holstein cows. This difference was due, in part, to the four 
related Jersey cows producing milk consistently low in lactose. The in¬ 
crease in serum solids was 10.33 for Guernsey milk, 6.03 for Holstein milk, 
and 2.19 per cent for Jersey milk. The milk of the higher testing breeds 
increased more in fat content during the lactation (Jersey, 26.5; Guernsey, 
25.0; and Holstein, 14.2 per cent). The protein content of milk from Hol¬ 
stein cows increased 19.4 per cent as compared to 11.6 for Jersey and 18.3 
for Guernsey cows. 

Milk of any particular cow abnormally high in fat is likely to be abnor¬ 
mally low in serum solids, as was shown in the preceding paper of this series 
(3). The data on milk from Holstein cows show nine samples with an 
average serum solids value of 8.1 per cent in the eighth month and with 3.6 
per cent fat. Milk containing 3.6 per cent fat should contain 8.5 per cent 
serum solids as calculated by the method of Jacobson (4). The ratio of fat 
to serum solids will vary with individuals even though the fat percentage 
remains the same. The greatest variation was from 8.96 to 11.25 per cent 
serum solids for Jersey milk containing 3.8 per cent fat. The maximum 
variations for Holstein and Guernsey milk were 2.23 and 1.90 per cent for 
milk with 3.8 and 4.6 per cent fat, respectively. 

summary 

The results of analyses of 362 samples of milk were compiled and pre¬ 
sented graphically by breeds and compared with results obtained by the 
Illinois Station. The samples were taken 1 day each month throughout 
the lactation periods and results were compiled by month of lactation. 

(1) The data show steady increases in total solids, serum solids, fat, and 
protein values after the second month of the lactations, and a slight decrease 
in the values of the constituents of Guernsey milk during the eighth month. 
A large percentage of the cows were in the eighth month of their lactation 
during the spring and summer months. 

(2) Milk produced under Arizona conditions averaged lower in all 
constituents than milk produced in Illinois, except for the fat content of milk 
from the Holstein breed. 

(3) The-serum solids of Jersey milk showed less variation than that of 
the milk of the other breeds studied, as shown by variation of 0.35 per cent 
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throughout the lactation as compared to 1.08 per cent and 0.65 per cent 
variations for the Guernsey and Holstein milk, respectively. 

(4) The total solids, fat, and protein of Holstein milk decreased 3.69, 
13.26, and 9.52 per cent from the first to the second month and then in¬ 
creased 7.12, 13.03, and 17.65 per cent, respectively, to the end of the lacta¬ 
tion. The milk from Jersey and Guernsey cows showed 2.01 and 4.08 per 
cent increase in fat from the first to second month. The milk increased in 
fat 26.51 and 21.81 per cent, respectively, in the remainder of the lactation. 
The milk from the Jersey and Guernsey cows decreased 1.00 and 0.59 per 
cent in total solids in the second month and increased 6.40 and 14.09 per cent, 
respectively, from the second month,to the end of the lactation. The protein 
content of the Jersey milk decreased 11.57 per cent in the first period, while 
Guernsey milk increased 10.44 per cent. The increases for the latter period 
were 8.99 and 14.66 per cent for Jersey and Guernsey milk, respectively. 

(5) The ratio of the fat to serum solids shows that as the lactation ad¬ 
vances the fat content is higher in proportion to the serum solids. 

(6) The ratio of fat to serum solids will vary with individual cows even 
though the fat test is the same. 
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VARIATION IN THE CONSTITUENTS OF MILK UNDER ARIZONA 
CONDITIONS. III. VARIATION IN MILK FROM JERSEY, 
GUERNSEY, HOLSTEIN, AND MIXED HERDS 

R. N. DAVIS and F. G. IIARLAND 
Department of Dairy Husbandry 
A. B. CASTER and R. II. KELLNER* 

Department of Agricultural Chemistry and Soils , University of Arizona, Tucson 

Considerable daily variation is known to occur in the composition of milk 
of individual cows of each breed. The milk, however, usually is sold not 
from individual cows but from herds of cows. Individual variations among 
cows, therefore, are of less significance in mixed milk. Herds producing 
milk having low fat and serum solids tests can be changed to include other 
animals of the same breed or other breeds which produce milk higher in fat 
and serum solids. This study is concerned with the variations in the com¬ 
position of the milk from herds of Jerseys, Guernseys, Holsteins, and 
mixtures of two or more breeds and from herds maintained in good physical 
condition as compared with marginal herds. 

REVIEW OF LITERATURE 

Lythgoe (6) reported 45 analyses of samples from herds in which the 
total solids, fat, serum solids, and protein were higher in winter and lower 
in summer. Jacobson (4) reported on the analyses of over one hundred 
thousand samples of mixed milk and found that serum solids increased con¬ 
sistently 0.04 per cent with each 0.10 per cent increase in fat. This in¬ 
vestigator also observed that milks containing 3.2 to 4.8 per cent fat showed 
considerably lower serum solids in winter than did the milks containing 4.9 
to 5.7 per cent fat. July, August, and September were characterized by a 
reduction in serum solids values. 

Little (5) studied the chloride content of milk from 24 cows at various 
stages of lactation. He reported that during the first 4 months of lactation, 
90 per cent of the chloride values were under 0.14 per cent, as compared to 
13.4 per cent under that value after 8 months or more of lactation. Sharp 
and Struble (8) conducted monthly chloride titrations on thirteen Jersey, 
eight Guernsey, and fifteen Holstein cows. These investigators noted a rapid 
decline in chlorides during the first few days, a slight increase during the 
first 60 per cent of the lactation, and a marked increase during the final 10 
per cent of the lactation period. 

Sharp and Hart (7) reported that, on results of ten samples, lactose had 
very little significance in the variation of specific gravity. Gaines (3) 

Received for publication March 31, 1947. 
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studied the milk of 52 cows of various ages, weights, and breeds, and con¬ 
cluded that the secretion of fat and protein appear intimately related. The 
ratio of fat to protein reported by this investigator was 1:0.812 ± 0.010, and 
this relationship was applicable to a fat range in the milk from 0.36 to 
22.46 per cent. 

EXPERIMENTAL 

The milk samples analyzed in this study were obtained from two pure¬ 
bred Jersey, one purebred Guernsey, three purebred Holstein, and five 
mixed herds, each of 30 cows or more. Representative samples were taken 
monthly from the mixed milk of each herd. 

The butterfat content was determined by the Babcock method, total solids 
by the Mojonnier method, and serum solids by calculation of difference. 
The polariscope was used to analyze for lactose. Total nitrogen percentage 
was obtained by the Kjeldahl method; the total nitrogen then was multiplied 
by the factor 6.40 to give the percentage of protein. The specific gravity 
was determined by use of a hydrometer. The chloride determinations were 
made by direct titration with tenth normal silver nitrate in the presence of 
potassium chromate. 

The data collected on the four groups of herds are presented in figures 1 
to 4, inclusive. The data represent 48 tests on the milk from Jersey herds, 
20 from Guernsey herds, 50 from Holstein herds, and 120 from the mixed 
herds. The tests were made over a period of 2 years. The maximum, mini¬ 
mum, and average values for the constituents of milk are presented by 

TABLE 1 


Maximum, minimum, and average per cent of different constituents of milk 
for the four groups of herds 



Total 

solids 

Serum 

solids 

Fat 

Lac¬ 

tose 

Pro¬ 

tein 

Chlo¬ 

rides 

Batio 
serum 
solids 
to fat 

Specific 

gravity 


<%> 

(%) 

(%> 

(%) 

(%> 

(%) 



Max. 

15.4 

10.1 

5.7 

5.4 

3.9 

0.13 

2.41 

1.0355 

Min. .. .. 

13.1 

8.1 

4.1 

4.4 

2.9 

0.06 

1 . 4 ; 


Av. 

14.2 

9.3 

4.9 

4.8 

3.5 

0.11 

1.89 

1.0348 

Guernsey 









Max. 

14.3 

9.7 

4.8 

5.2 

3.6 

0.21 

2.36 

1.0360 

Min. 

12.2 

8.2 

3.9 

4.4 

3.1 

0.11 

1.89 

1.0305 

Av. .. 

13.6 

9.2 

4.4 

4.8 

8.3 

0.13 

2.11 

1.0341 

Holstein 









Max.. 

12.9 

9.1 

4.4 


3.2 

0.19 

2.79 

1.0345 

Min. 

11.1 

7.7 

3.0 

mfm 

2.2 

0.13 

1.80 

1.0305 

Av. 

12.0 

8.5 

3.5 

K9 

2.9 

0.15 

2.43 

1.0323 

Mixed 




Ml 





Max. 

13*7 

9.2 

5.0 


3.6 

0.16 

2.65 

1.0355 

MLi 

11.8 

8.0 

3.3 

4.2 

2.4 

0.09 

1.69 


At. — 

12.6 

8.8 

8.8 

4.6 

3.2 i 

0.13 

2.28 

1.0330 
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JERSEY HERDS 



Fig. 1. Variations in constituents of milk from Jersey herds by calendar months. 

groups in table 1. Table 2 represents the percentage variation in composition 
of milk from winter to summer. 

Figures 1 to 4 show that the total solids, serum-solids, fat, protein, and 
lactose content of milk from each group of herds were lowest in summer and 
highest in winter. Table 2 shows the percentage decrease in total solids, 
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GUERNSEY HERDS 



Fro. 2. Variations in constituents of milk from Guernsey lierds by calendar months. 

serum solids, fat, lactose, and protein and the increase in the chloride con- 
teny>f the milk from each of the four groups. The specific gravity of milk 
from Jersey, Guernsey, Holstein, and mixed herds averaged 1.035, 1.034, 
1.032, and 1.034, respectively, in winter and 1.034, 1.034, 1.032, and 1.033, 
respectively, in summer. 
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HOLSTEIN HERDS 



Fig. 3. Variations in constituents of milk from Holstein herds by calendar months. 

The average chloride content of the milk from the four groups of herds 
was higher in summer than in winter. The winter chloride values for the 
Jersey, Guernsey, Holstein, and mixed herds were 0.10, 0.12, 0.14, and 0.12 
per cent, respectively. The corresponding values for the summer months 
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Fig. 4. Variations in constituents of milk from mixed herds by calendar months. 


were 0.12, 0.13, 0.16, and 0.13 per cent. The values for other constituents 
of milk from the mixed herds also are intermediate between the low Hoi* 
stein values and the high Guernsey and Jersey values* This is due to the 
greater numbers of Holstein cows in the mixed herds. 
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TABLE 2 

Percentage of change of constituents of herd milk from winter to summer 


Breed . 

Jersey 

Guernsey 

Holstein 

Mixed 

Constituent 

(%> 

(%> 

(%> 

(%) 

Total solids 

- 4.35 

-5.96 

- 3.88 

- 3.54 

Serum solids . 

- 1.39 

- 5.94 

- 1.42 

- 2.73 

Fat 

- 9.78 

- 6.02 

- 9.51 

- 0.52 

Lactose 

, - 2.06 

! -4.52 

1 - 9.30 

- 1.69 

Protein 

: - 2.80 ' 

- 8.65 

- 4.22 

- 3.72 

Chlorides 

, +14.17 

i + 7.69 

+10.62 

+15.75 


Three of the minted herds were kept under marginal conditions of feed¬ 
ing. One of the purposes of this project was to compare the composition of 
the milk of these herds with that of milk from herds in which the cows were 
maintained in good physical condition. The total solids, serum solids, fat, 
lactose, protein, and chloride values and specific gravity for the herds in 
good physical condition were 12.7, 8.8, 4.0, 4.7, 3.2, and 0.13 per cent, and 
1.0327, respectively. The corresponding values for the marginal herds were 
12.5, 8.8, 3.7, 4.6, 3.2, and 0.13 per cent, and 1.0333 specific gravity. These 
data show that milk from marginal herds was slightly lower in total solids, 
fat, and lactose. This would indicate that the cow’s body must be in a very 
poor physical condition to produce milk significantly lower in each of the 
constituents. 

DISCUSSION 

The difference between maximum and minimum values of each con¬ 
stituent of herd milk shown in table 1 is less than corresponding values for 
milk from individual cows shown in the first part of this series (1). In the 
second paper of this series (2h it was noted that individual cows may pro¬ 
duce milk abnormally low in serum solids although well above the minimum 
in fat. This is true of herd milk, but to a smaller degree. Of 199 samples 
collected from ten herds (two Jersey, one Guernsey, two Holstein, and five 
mixed) over a 2-year period, eleven samples were abnormally low in serum 
solids. The average fat and serum solids for the eleven samples were 4.42 
and 8.08 per cent, respectively. 

The results of this study are in agreement with the work of Gaines (3). 
The average ratio of fat to protein varied from 1:0.721 for milk from 
Jersey herds to 1: 0.830 for Holstein herd milk. Milk from mixed herds had 
a ratio of 1:0.813. 

SUMMABT 

(1) Total solids, serum solids, fat, and protein values were highest in 
winter and lowest in summer. 

(2) The milk from Jersey and Guernsey herds, containing 4.91 and 4.36 
per cent fat, respectively, showed no definite trends in lactose content in re- 
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lation to other constituents. The milk from the Holstein and mixed herds 
had a slightly lower lactose value during the summer, with an increase in the 
fall and winter months. 

(3) The serum solids content of milk from Holstein cows was below 8.5 
per cent during 6 months of the year. This decline occurred in summer and 
was accompanied by decreases in total solids, fat, and lactose. Serum solids 
content of the milk from Jersey, Guernsey, and mixed herds also averaged 
lowest in summer, but was still above the legal minimum, except for mixed 
herds, which had an average of 8.48 per cent serum solids in August. 

(4) The average chloride values were 0.152 for the Holstein herds, 0.134 
for the mixed, 0.128 for the Guernsey, and 0.110 per cent for the Jersey 
herds. The chloride values were highest in summer and lowest in winter. 

(5) Cows on marginal rations and consequently not in good physical 
condition produced milk which is considered normal in composition and 
averaged only slightly lower in total solids, fat, and lactose, essentially the 
same in serum solids, and slightly higher in the protein content and in 
specific gravity. 

(6) Herd samples of milk representing one day’s production may be 
abnormally low in serum solids but well above the minimum in fat. 
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SOME EFFECTS OF FEEDING IODINATED CASEIN TO 
DAIRY COWS 1 2 

A. N. BOOTH, C. A. KLVEUJEM, and E. B. HART 
Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison 

The recent availability of protamone (iodinated casein) for commercial 
use has placed further emphasis on studies dealing with the effects of this 
drug on lactating cows. Reports of research in Great Britain as well as in 
this country have already appeared in the literature (1, 3, 4, 5, 6, 7, 9, 10, 
11,12,14,15). 

Early in 1940 studies were initiated at this Station with special emphasis 
on the composition of the milk and blood of animals before and after treat¬ 
ment with iodinated casein. Work reported by Archibald (1) included the 
determination of total solids, ash, fat, lactose, total protein, casein, and 
lactalbumin plus globulin in milk. The albumin-globulin fraction was ob¬ 
tained by subtracting the casein from the total protein content of the milk, 
but was not corrected for the non-protein nitrogen fraction. A decrease of 
from 1 to 33 per cent in casein occurred when cows were given 15 g. of 
iodinated casein daily for 4 and 5 weeks. The lactalbumin plus globulin 
fraction seemed to increase roughly in proportion to the decrease in casein. 
Only small changes were noted in the other components of the milk which 
were determined. A wide variation in milk yield response was reported. 

While the present work was in progress a report by Van Landingham 
et al. (15) appeared which indicated little change in total, casein, and non¬ 
casein nitrogen in the milk from cows subjected to an iodinated casein 
regimen. However, increases occurred in the heart rates, respiration rates, 
milk and fat production, and per cent fat. An earlier report from the West 
Virginia Experiment Station (14) indicated that the milk vitamin C con¬ 
tent decreased as much as 33 per cent when cows were fed iodinated casein. 

The objective of the present study was to determine what alterations, if 
any, take place in the milk from cows receiving iodinated casein, with par¬ 
ticular emphasis on the milk and blood nitrogen distribution. In addition, 
records were obtained on body weights, heart rates, and the extent and 
duration of response. 

Received for publication April 24, 1947. 
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METHODS 

The work conveniently is divided into three trials involving four cows 
per trial. All animals used were purebred Jerseys or Holsteins from the 
University herd. Pertinent data regarding the individual animals are given 
in table 1. Individual milk samples (night-morning composites) were taken 
at the start and at 2- or 3-week intervals during the course of each experi¬ 
ment. Blood samples (approximately 100 ml.) were drawn into potassium 
oxalate from the jugular vein. These blood samples were taken at precisely 


TABLE 1 


Status of cows at start of experiment and response in milk production 


| Maximum 

response 

Lbs. 

Week 

milk 

of 

per 

maxi- 

davt 

mum 


Cow 

no. 


Age 

(years} 


Stage of 

Stage of 

No. of 

Milk yield 

lactation 

gestation 

lacta¬ 

at start* 

(months) 

(months) 

tions 

(lbs./dav) 


Duration 

of 

response t 
(weeks) 


Trial I—Feb. 14 to June 30, 1946 


J 729 

3.0 

4 

1 

1 

13.5 

-f 3.o 


m 

J 731 

2.8 

3 

o 

1 


- 4.3 


Was 

H 228 

5.0 

9 

Open 

o 

KM 

+ 9.0 


Hp 

H 258 

4.5 

6 

3 

2 

■Hi 

+ 10.7 


1 


Trial II—June 6 to Sept. 11, 1946 


H 240 

4*7 

■m 

Open 

2 

24.8 

4 - 3.3 

o 

7 

H 255 

5.5 


Open 

2 

19.9 

+ 2.9 

t 

8 

H 330 

3.1 


1 

1 

27.6 

4- 4.6 

*> 

7 

H 1587 

8.3 

| 10 

Open 

5 

26.4 

4-12.1 

4> 

9 


Trial III—Nov. 21, 1946, to March 26, 1947 


H 552 

7.0 

8 

Open 

3 

31.5 

B9 

3 

mm 

H 1503 

9.6 

18 

Open 

5 

16.7 

m 

6 

K9 

H1723 

7.8 

11 

Open 

4 

24.1 

Ba 

3 

HI 


J = Jersey, H = Holstein. 

* Daily average for 7 days. 

t Daily average for 7 days (during iodinated casein supplementation) minus milk 
yield at start. 

t Week when average milk yield dropped below starting value. 


the same time for each cow with reference to the milk sample, namely 6 
hours after the morning feeding and on the same day that the morning 
sample of the night-morning milk composite was obtained. 

Total solids were determined by drying 5-ml. aliquots of milk on cotton 
pads in a steam oven (98° C.) for 4 hours. The factor 5.15 (5 ml. x 1.03) 
wps taken as the weight of milk before drying. Milk fat values were obtained 
by the Babcock method in trials I and II and the Mojonnier solvent extrac¬ 
tion procedure (2) in trial III. Skim milk, casein, whole blood, and plasma 
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nitrogen all were determined by the Kjeldahl procedure. Milk and blood 
non-protein nitrogen filtrates were prepared using tungstic acid, and the 
nitrogen content was obtained on aliquots of the filtrates by the Kjeldahl 
method. Milk and blood urea and ammonia nitrogen were determined on 
the tungstic acid filtrates, with and without urease incubation, after which 
the ammonia was distilled into standard acid after liberation with borax. 
Milk vitamin C was determined with the indophenol reagent (13). All milk 
samples were acidified and titrated with the dye within 30 minutes from 
the time of collection. Blood vitamin C was determined according to the 
method of Mindlin and Butler (8). 

Heart rates vrerc obtained by feeling the posterior tibial artery on the 
medial surface of the tibia at a point 8 to 10 inches above the hock joint. 
After the normal or starting values for the various milk and blood com¬ 
ponents were determined, the ration was supplemented with 15 g. of 
iodinated casein once each day by mixing it with the grain concentrate fed 
each morning. All cows received approximately 15 lbs. of corn silage twice 
daily, plus mixed hay ad libitum, in addition to the measured amount of 
grain concentrate (14 per cent protein) fed twice daily just prior to milking. 

TRIAIi i 

Milk and blood analyses actually were made at intervals of 2, 4, 6, 8, 10, 
and 12 weeks after supplementation with iodinated casein was started. 
However, in order to conserve space, the results are tabulated for the start 
and at 6 and 12 weeks only (table 2). Cow no. 228 was lost to the experi¬ 
ment after 6 weeks, due to the development of an inflamed udder which was 
diagnosed as mastitis. In order to determine the effect of a higher intake 
of protein on the milk and blood nitrogen distribution, soybean meal was 
added to the grain concentrate so that the protein in the concentrate was in¬ 
creased from approximately 14 to 20 per cent during the 2-week period 
from the eighth to the tenth week of this trial. The only effect noted was 
an increase in the milk and blood nonprotein nitrogen values. 

During the last 2 weeks of trial I, the dosage of iodinated casein was 
doubled in an attempt to delay the drop in production which was taking 
place after the initial high level attained during the first 6 weeks of treat¬ 
ment. In spite of the increased-dosage of 30 g. per day per cow, the drop in 
production persisted, and at the end of the twelfth week the treatment was 
discontinued. A further sharp decrease in production followed (except for 
cow no. 729). 

Tables 1 and 2 show that increases in milk production were obtained and 
the greatest responses to iodinated casein were evident in the two Holstein 
cows. The fact that the two Jerseys were younger cows may explain the 
relatively small response. It also is possible that the Jerseys were smaller 
animals with faster initial heart rates and hence would not be expected to 



TABLE 2 

J /. Effect of feeding iodinated casein on milk and blood nitrogen distribution vitamin 
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experience as much stimulation in metabolic rate when fed iodinated casein. 
In this respect it might be predicted that a dual-purpose breed of cattle, 
such as the Milking-Shorthorn, would give a larger response in production 
when treated with the drug inasmuch as these animals have a lower meta¬ 
bolic rate than the dairy breeds. It also has been shown (4, 5) that as the 
time for parturition approaches, the response to iodinated casein diminishes. 
Any or all of these factors may have been involved. 

In connection with the inhibitory effect due to pregnancy, the question 
of the duration of response by open cows is raised. The results of subse¬ 
quent trials on lactating non-pregnant cows were variable. Five out .of 
seven open cows reported in this paper decreased in milk yield after the 
usual period of response had taken place. Cow no. 1503 was open and had 
responded for a period of 15 weeks when feeding of the drug was 
discontinued. 

Decreases of from 30 to 63 per cent in the milk vitamin C were obtained 
and these results confirm the work of Van Landingliam. Blood vitamin C 
showed no tendency to decrease in a corresponding manner. Even the sub¬ 
cutaneous injection (into cows receiving iodinated casein) of ascorbic acid 
at a level of 50 mg. per 100 lbs. body weight daily for 7 days failed to raise 
the milk vitamin C to a normal level. 

trial n 

On the basis of the results of the first trial it was decided to repeat 
the experiments with four Holstein cows in an attempt to get the greatest 
possible response in rnilk yield. Recognition of any changes in the various 
components of the milk and blood for which analyses were being made w T ould 
be facilitated. This trial was conducted during June, July, and August, in 
contrast to the first trial which was run in the early spring 'while the cows 
were confined indoors. In trial II the cows were out on pasture during most 
of the run in addition to being fed hay ad libitum , grain or corn silage, and 
a measured quantity of grain supplement. 

Work reported by Seatli ct al. (12) in which cows in Louisiana were fed 
iodinated casein during the hot summer period revealed that with or without 
iodinated casein, body temperatures were 104.6 to 105° F. when the atmos¬ 
pheric temperature ranged around 93.5-96.5° F. The question of the ad¬ 
visability of feeding compounds such as iodinated casein to Louisiana milk 
cows during the warmer months of the year was raised. 

Descriptions of the four cows used in trial II are given in table 1. In 
this experiment milk and blood samples were obtained at the start and at 
3- and 6-week intervals only. Results of the analyses are tabulated in 
table 3. 

At times during this trial the environmental temperature reached 90° F. 
or higher, and all four cows visibly were suffering from what appeared to 
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be overheating, as indicated by failure to consume all of the ration (off feed), 
very fast respiratory rates (120 per minute), and fluctuations in the milk 
yield. The fact that all of the grain concentrate was not being consumed 
introduced a variable, since the exact intake of iodinated casein was difficult 
to determine. 

An inspection of tables 1 and 3 shows that the increases in milk pro¬ 
duction were not as great (with the exception of cow no. 1587) as were ob¬ 
tained with the cows used in trial I. 

trial ra 

"While trial II was in progress a publication by Blaster (4) from England 
was released in which it was concluded that the greatest increases in milk 
production resulted from older cows, possibly correlated with a more slug¬ 
gish or less active thyroid gland in older animals. Therefore, a third trial 
was inaugurated involving four Holstein cows all 7 years of age or older. 
Unfortunately one of the cows developed a rumen impaction just prior to 
being placed on the experiment, so only three cows were used. Table 1 in¬ 
cludes a description of these animals as well as the extent and duration of 
response. 

Trial III was conducted during the period November, 1946, to March, 
1947. The animals were confined indoors the entire period and received 
the typical winter ration fed in trial I. The results of the milk and blood 
composition studies are tabulated in table 4. Blood hematocrit data were 
included in the blood analyses as a check upon the constancy of the blood 
volume. Also, milk and blood urea and ammonia nitrogen values were 
determined in this trial. While the ammonia nitrogen content of the milk 
and blood was quite constant, the urea values decreased by 20 to 40 per cent 
after 6 weeks on iodinated casein. The three cows in trial III were treated 
with the drug continuously for 15 weeks (tables 1 and 5). Two of the three 
cows (nos. 552 and 1503) showed an increased milk yield during the entire 
period which was equal to or greater than the starting value, whereas cow 
no. 1723 responded for 6 weeks only and then the yield gradually declined 
below the starting value. The actual weekly average milk yields at the end 
of the fifteenth week were 31.5, 19.7, and 16.1 lbs. of milk per day for cows 
nos. 552, 1503, 1723, respectively. At this point the feeding of iodinated 
casein was discontinued and after 2 weeks the production had dropped to 
17.1, 10.4, and 7.1, respectively. These figures emphasize the precipitous 
drop in production which took place when administration of the drug was 
discontinued. These results suggest that once dairy cows are subjected to a 
drug such as iodinated casein, it should be fed continuously even after the 
period of response has passed and production is declining gradually. Per¬ 
haps the thyroxine being supplied via iodinated casein has caused the 
elaboration of thyroxine by the thyroid gland of the animal to cease; if the 
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TABLE 5 

Milk yield after feeding of iodinated casein discontinued 


Cow no. 

. 

Time in weeks 

Calculated 
production t 

Actual 
production X 

Treated 

Untreated* 

lbs. milk/day 

lbs. milk/day 

J 729 

12 

2 

10.1 

10.1 

J 731 

12 

2 

12.8 

6.3 

H 258 

12 

2 

23.8 

16.1 

H 240 

7 

7 

19.8 

12.0 

H 255 

9 

5 

14.9 

11.7 

II 330 

9 

5 

20.6 

17.2 

H 1587 

10 

4 

18.5 

11.0 

H 552 

15 

2 

22.3 

17.1 

H 1503 

15 

2 

11.9 

10.4 

II1723 

15 

2 

17.0 

7.1 


* After treatment discontinued. 

t An arbitrary value of 8% was taken as the normal average decline in milk yield 
per cow per month. The sum of the weeks treated plus weeks untreated is the week for 
which the calculated production is expressed. 

t The average for the 7-day period during the last week of no treatment. 

oral supply of thyroxine is discontinued suddenly, the animal may be un¬ 
able to start elaborating its own requirements. 

Without exception the animals in all three trials lost weight, varying 
from 49 to 201 lbs. after 6 weeks on an iodinated casein regimen. Decrease 
in body weight varied from 3.3 to 11.8 per cent of the starting weight. 
Whether the loss of weight can be prevented or diminished by feeding extra 
nutrients appears doubtful in view of the fact that cows nos. 729, 255, and 
330 lost weight even when the intake of grain supplement was 40, 46, and 
30 per cent, respectively, in excess of the calculated requirements (table 6). 


DISCUSSION 

Every attempt has been made in this work to obtain the greatest possible 
response from the feeding of iodinated casein to the cows as judged by the 
increase in pounds of milk produced per day. The greatest response came 
from cow’ no. 1503, in w’hich a 72 per cent increase in milk was obtained in 
the night-morning composite sample taken 6 v’eeks after the supplementation 
of the drug started (table 4). Based on the weekly average milk yield 
(table 1), this cow showed an increase of 60 per cent in milk production 
during the sixth week of the experiment. Poorest responses resulted in 
trial II, conducted during the summer months, in w’hich three of the four 
cows responded to the extent of only 13,15, and 17 per cent, w’hereas cow no. 
1587 experienced an increase of 46 per cent in milk yield. Cow no. 1587 
was over 8 years of age, which may explain a greater response as compared 
to cows nos. 240, 255, and 330, which w r ere considerably younger. These 
results tend to confirm the work of Seath (12) showing that the use of 
iodinated casein is highly questionable during hot weather. 
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Little if any correlation between heart rates and the level of concentrate 
feeding was apparent (table 6), contrary to the results of Moore (9). As 
the age of the cow increases, a greater response in milk production ap¬ 
parently can be expected. This is in harmony with the findings of 
Blaster (4). 

The values for milk solids-not-fat were quite variable and showed no 
definite trend in any one direction. There was a definite increase in both 
the per cent and pounds of butterfat produced by nine of the eleven cows. 
The two possible exceptions were cows nos. 240 and 255 in trial II, con¬ 
ducted during the summer months. 

If the values for skim milk nitrogen for each cow when the maximum in¬ 
crease in milk yield occurred are compared with the starting values, there 
was a decrease in eight cows, the largest decrease being 0.05 g. of nitrogen 
per 100 ml. or 0.32 per cent protein (0.05 x 6.37). Cow no. 228 showed no 
difference, and cows nos. 330 and 552 had respective increases of 0.03 and 
0.01 g. of nitrogen per 100 ml. Making the same comparisons for casein 
nitrogen, the values decreased in seven cases, were unchanged in three cases, 
and increased in one instance. The average decrease was 0.04 g. nitrogen 
per 100 ml. milk or 0.25 per cent protein. The values for albumin plus 
globulin nitrogen were practically unchanged, but the milk non-protein 
nitrogen values decreased for eight of eleven cows. % 

No definite trends occurred in the blood total nitrogen but the blood 
plasma nitrogen values showed a possible slight downward trend. Blood 
urea values decreased to the same extent as the milk urea values (20 to 40 
per cent). Little change was found in the blood ammonia, and the values 
were practically identical with those for milk ammonia nitrogen. 

The results of the present study, as well as the data of other workers, 
indicate only slight alterations in the milk from cow’s fed iodinated casein, 
with the exception of some of the vitamins such as ascorbic acid, niacin, and 
riboflavin. The ascorbic acid and riboflavin values decreased considerably, 
whereas the niacin increased (7). Hibbs and Krauss (6) found a decrease 
in thiamin which increased above normal after cessation of feeding the 
drug. Perhaps the small changes in milk and blood constituents are in 
support of the belief that the primary effect of iodinated casein is to in¬ 
crease the metabolic rate and that an increase in milk yield is an indirect 
effect due to a greater flow of blood (and nutrients) through the mammary 
gland. 

After a certain time (see table 1) the milk yield decreased regardless of 
'whether or not iodinated casein was fed. This period of response varied 
from 6 weeks for cow no. 1723 to 15 weeks for cows nos. 552 and 1503. After 
the decrease starts and the feeding of the drug is discontinued, a very rapid 
drop in production ensues. Production usually levels pff again considerably 
below the level of production calculated (8 per cent decrease per month) had 
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no iodinated casein been fed (table 5). Whether a continuation of the drug 
supplementation (after a decrease in response sets in) would minimize the 
drop in milk yield requires more investigation. Reece (10) fed iodinated 
casein for periods up to 17 months, but the only statement pertaining to 
milk yield was that six out of nine cows produced more milk and three 
produced less milk during the period of feeding the drug than that secreted 
in a similar segment of either a previous or subsequent lactation period. 
Moore (9) fed iodinated casein for periods as long as 8 months and found 
that after cows had been treated 4 to 8 weeks there was a considerable loss 
in body weight and milk production declined sharply. 

Several factors should be considered carefully by dairymen who are con¬ 
templating feeding iodinated casein to their cows. In the first place loss in 
body weight occurs, even when extra nutrients are fed. In many cases an 
appreciable drop in production (below the normal production calculated to 
correct for time) occurs after feeding of the drug has been discontinued. 
The duration of response (6 to 15 weeks) is relatively short considering the 
length of a normal lactation period. There also are seasonal limitations (hot 
weather appears to be deleterious), and limitations depending on the breed, 
age, and stage of lactation of the cows. Blaxter (4) concluded that the ideal 
use of iodinated casein was for a 2-month period in the early spring. Thus, 
after the.period of response was ended, the cows would receive a stimulation 
from the intake of grass to counteract the impending decrease in production 
when the feeding of the drug was stopped. Finally, there is a marked 
individual variation in the degree of response which each cow treated 
undergoes. 

All of the factors mentioned place considerable limitation on the use of 
iodinated casein. Still unknown and yet to be more fully investigated is the 
effect on health and normal productive span of feeding the dnig to cows 
during successive lactations. The indiscriminate use of iodinated casein 
may lead to a negative rather than a positive over-all gain from a practical 
viewpoint. Under carefully controlled conditions, taking into account the 
status of each animal to be treated, it may yet be shown that increased milk 
production mediated by iodinated casein can profitably be realized. In the 
meantime considerable caution should be exercised in its use. « 

SUMMARY 

Data have been secured on the effect of feeding 15 g. of iodinated casein 
daily to eleven dairy cows for varying periods of time and under various 
conditions. Increases in milk and butterfat production were obtained. All 
cows lost weight and had increased heart rates. Night-morning milk com¬ 
posites were obtained at 2- and 3-week intervals during the experimental 
period and analyzed for fat, total solids, skim milk nitrogen, casein nitrogen, 
non-protein nitrogen, urea and ammonia nitrogen, and vitamin C. De¬ 
creases of 30 to 63 per cent in vitamin C and of 20 to 40 per cent in urea 
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nitrogen and a maximum decrease of 0.05 per cent (0.32 per cent protein) 
in the skim- milk nitrogen were found. 

Blood samples were taken concurrently with the milk samples and 
analyzed for total nitrogen, plasma nitrogen, non-protein nitrogen, urea and 
ammonia nitrogen, vitamin C, and per cent cells. Blood urea nitrogen 
decreased. 

The duration of response varied from 6 to 15 weeks, after which a marked 
drop in milk yield occurred after iodinated casein feeding was discontinued. 
Age and breed differences in response were noted. The limitations of 
iodinated casein for commercial usage are discussed. 
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CHOLINE STUDIES WITH YOUNG DAIRY CALVES. I. RELA¬ 
TION OP THE CHOLINE CONTENT OF COLOSTRUM 
AND CALF BLOOD 1 

R. K. WAUGH,a S. M. HAUGE, and W. A, KING 
Departments of Agricultural Chemistry and Dairy Husbandry, Purdue University 
Agricultural Experiment Station, Lafayette, Indiana 

The recognized importance of colostrum in the nutrition of young calves 
can be attributed, in part, to its high vitamin content. The high vitamin A 
content of colostrum is reflected in the vitamin A content of blood of the 
calf consuming it (6, 7). Colostrum also contains other vitamins in com¬ 
paratively large amounts (11), but they have not received as much study 
as has vitamin A. 

The indispensability of choline for some animals has been demonstrated, 
and its role in nutrition has been reviewed by Griffith (5) and by Best and 
Lucas (1). The value of choline in the nutrition of calves has been studied 
very little. Norton et al. (10) reported that additions of certain vitamins, 
including choline, to calves’ diets produced no favorable results. 

The occurrence of fatty livers has been the principal criterion of choline 
deficiency. The choline content of the blood has not been used extensively 
to indicate adequate dietary intake or normal choline metabolism. Luecke 
and Pearson (9) fed rather large amounts of choline chloride to sheep and 
dogs and found no accumulation in liver or plasma. Chaikoff et al. (2) 
have shown that the choline content of blood plasma is depressed in dogs 
which have been deprived of the external pancreatic secretions or which 
have been depancreatized and maintained with insulin. 

Normal milk contains appreciable but not large amounts of choline 
(4, 8). It was thought that colostrum might contain considerably more 
choline than normal milk and affect the blood choline levels of newborn 
calves. This investigation was a study of the choline content of colostrum 
and of blood from calves for periods of 1 week following parturition. 

EXPERIMENTAL 

Method of choline analysis. The method of Engel (3) was modified and 
adapted to the analysis of liquid samples. Milk or blood in 10-ml. quan¬ 
tities was adsorbed on rolls of Reeve Angel no. 245 filter paper and dried 
in a Cenco vacuum oven at 80° C. The dried rolls were extracted 24 hours 
in a Soxhlet extractor with absolute methanol. The extract was evaporated 
to near dryness on a steam bath. The residue was treated with 25 ml. of an 
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aqueous solution of saturated barium hydroxide for 2 hours on a steam bath. 
The samples were cooled, neutralized to phenolphthalein with glacial acetic 
acid, and filtered by suction through an asbestos gooch into a large test tube 
(25x200 mm.). The flask and residue on the gooch were washed with 
small amounts of distilled water. The filtrate was treated with 6 ml. of 2 
per cent Reinecke salt in methanol, and the contents of the tube were mixed 
and allowed to stand overnight in a refrigerator at 3-4° C. to allow precipi¬ 
tation of the choline reineckate. The choline reineckate was collected on 
a fritted glass gooch of medium porosity by filtering with suction. The tube 
and precipitate were washed three times with 2-ml. portions of cold (3° C.) 
absolute methanol. Suction was continued for a short time to remove the 
alcohol. The precipitate of choline reineckate adhering to the tube and 
on the gooch was dissolved in acetone and filtered into a volumetric flask. 
The acetone solution of choline reineckate was made to volume and the con¬ 
centration was determined by means of a Beckman spectrophotometer using 
a wave length of 520 m^. 

It is recognized that Reinecke salt is not absolutely specific for precipi¬ 
tation of choline (1). The procedure was checked by adding known 
amounts of choline chloride to blood and milk which, upon analysis, gave 
satisfactory recoveries. 

Choline chloride was used as a standard in the determinations, and all 
values are expressed in amounts of choline chloride. 

Choline content of colostrum . The choline content of colostrum from 
five cows was determined. Care was taken that the calves did not nurse 
these cows. The first milking was made 4 to 5 hours following parturition 
and morning and evening thereafter. They were milked by hand for the 
first six milkings, and each milking was as complete as possible. After the 
sixth milking the cows were milked by machine. Immediately before the 
sixth milking 10 I.U. of oxytocin was injected into the jugular vein to aid 


TABLE 1 

Choline content of colostrum and milk 
(mg. of choline chloride per ml.) 


Sample 

50B* 

18P* 

40B* 

3511 

618* 

Av. 

1st milking . . 

0.69 

0.79 

0.61 

0.73 

0.65 

0.69 

2nd milking .. 
3rd milking 

0.32 

0.39 

0.31 

0.45 


0.37 

0.25 

0.22 

0.23 

. 0.38 

0.26 

0.27 

4th milking . 

0.23 

0.16 

0.17 

0.26 

0.23 

0.21 

3th milking 

0.16 

0.17 

0.14 

0.23 

0.21 

0.18 

6th milking . 

0.14 

0.19 

0.12 

0.21 

0.21 

0.17 

1 week. 

0.10 

0.17 

0.13 

0.13 

0.18 

0.14 

2 weeks. 

0.11 

0.15 

0.13 

0.11 

0.18 

0.14 

4 weeks. 

. 

0.12 

0.10 

0.16 

0.15 

0.13 


* Holstein, 
t Jersey. 
t Guernsey. 
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TABLE 2 

Calf blood choline levels from birth to 1 week of age 
(mg. choline chloride per ml. whole blood) 


Age 

79B* 

B584* 

JP317t 

B587* 

P124t 

B588* 

B589* 

Av. 

Birth . 

0.16 

0.22 

0.19 

0.14 

0.22 

0.22 

0.11 

0.18 

1 day .... 

0.21 

0.22 

0.20 

0.18 

0.24 

0.22 

0.16 

0.20 

2 days .. 

0.23 

0.24 

0.26 

0.20 

0.24 

0.21 

0.19 

0.22 

7 days ... 

0.26 

0.22 

0.31 

0.21 

0.26 

0.23 

0.22 

0.24 


* Holstein, 
t Jersey. 


in more complete removal of milk from the udder. It is doubtful if the 
injection at that time influenced the choline values obtained. The results 
are shown in table 1. 

The average choline content of the colostrum of the first milking was 
0.69 mg. per ml. By the sixth milking, the content had dropped to 0.17, 
and composite samples of morning and evening milk at 1 week averaged 0.14 
mg. per ml., which is close to the value of 0.147 reported by Engel (4) and 
of 0.149 reported by Hodson (8) for normal milk. 



Fio. 1. The relation of the choline content of colostrum to the choline content of 
the blood of calves. 









460 


B. E. WAUGH, ET AL. 


Choline content of calf blood. Preliminary data had indicated that the 
blood choline levels of calves were lower immediately following birth than 
several days later. In order to detect any relationship between the choline 
content of colostrum and calves’ blood, blood samples were drawn from seven 
calves at birth, and at 1, 2, and 7 days of age. The calves either remained 
with their dams for 3 days following birth or were fed their dam’s milk 
from a nipple pail for the same period. No attempt was made to compare 
the blood choline of an individual calf to the colostrum choline of its dam, 
the colostrum data in some instances being collected from cows other than 
dams of this group of calves. 

The results are shown in table 2. The choline content of the calves’ 
blood was found to increase throughout the week. The initial increase, 
while the colostrum choline content was high, was more rapid than later. 
Figure 1 gives a graphic comparison of the colostrum and calf blood choline 
levels. 

DISCUSSION 

It is logical to assume that the high vitamin content of colostrum aids in 
better nutrition of the newborn calf. The comparatively high choline con¬ 
tent of the colostrum probably has a similar purpose. The fact that calves’ 
blood increases in choline most rapidly following birth, while the colostrum 
choline content is high, is evidence concurring with this assumption. 

The choline content of the initial colostrum is comparatively high, but the 
decline in amount of choline is quite rapid. The rate of decline is com¬ 
parable to that of vitamin A (7) and is much more rapid than for thiamine 
and riboflavin (11). 

SUMMARY 

1. Immediately following parturition the choline content of colostrum 
was found to be comparatively high, averaging 0.69 mg. per ml. for the first 
milking. The choline content decreased rapidly with subsequent milkings, 
averaging 0.17 mg. per ml. at the sixth milking and 0.14 mg. per ml. at 1 
week. 

2. Calf blood choline levels were found to be low at birth, but increased 
throughout the first week. The increase in choline of the blood was most 
rapid while the colostrum was comparatively high in choline, indica ting that 
the calf used the choline of the colostrum to increase the amount of choline 
in its blood. 
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A NEW QUANTITATIVE METHOD FOR DETERMINING THE 
SOLUBILITY OF MILK POWDERS 1 


J. FRANK CONE and U. 8. ASHWORTH 
Division of Dairy Husbandry, State College of Washington, Pullman 

Several methods have been proposed for determining the solubility of 
milk powders. Lampitt and Bushill (3) have divided the various methods 
into two general classes: (a) those in which an estimate is made of the 
amount of material which dissolves, and (b) those in which the amount of 
insoluble material is determined. Among the latter is the method of Lam¬ 
pitt and Hughes (4), which probably is the most nearly quantitative method 
that has been proposed. In this method, a weighed quantity of powder is 
shaken 3 minutes with water and the whole portion is transferred to a cen¬ 
trifuge tube. After centrifugation, the top layer is removed; then the 
supernatant fluid is decanted off and its total solids content determined. 
The sediment is weighed while moist, dried, and weighed again. The 
amount of moisture lost in drying and the figure for total solids in the super¬ 
natant liquid are used to calculate the amount of dissolved solids carried 
into the sediment by the moisture. This value then is subtracted from the 
dry weight of the residue in order to determine the true weight of undis¬ 
solved matter. 

The Standards Committee of the American Dry Milk Institute (5) con¬ 
sidered the method of Lampitt and Hughes too cumbersome for practical 
use and proposed a method which, in modified form (1), is the one most 
commonly used at present for determining the solubility of dry milks. The 
present modified method will be referred to in this paper as the ADMI 
method. It consists of reconstituting a 10-g. sample of the powder with 
100 ml. of water by means of vigorous mechanical agitation, centrifuging 
50 ml. of the reconstituted sample in a conical graduated centrifuge tube, 
and reading directly from the graduations on the tube the volume of the 
washed sediment. Because the total volume of the powder plus water used 
in reconstitution is not considered, and also because the density of the sedi¬ 
ment in the centrifuge tube will vary quite widely from powder to powder, 
the results obtained are not directly related quantitatively to the 10-g. sample 
of powder used in the test. This method apparently is satisfactory for rou¬ 
tine use with non-fat dry milk solids, for which it was designed. For use 
with whole milk powder, much of which may be reconstituted to fluid milk 
before use, it lacks the sensitivity to distinguish reliably between a powder 
that is easily reconstituted and one that is difficult to reconstitute to satis- 
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factory fluid form. This lack of sensitivity probably lies mainly in the 
vigor of the mechanical agitation employed to reconstitute the sample in 
the test. Howat et al. (2) have shown that variations in the speed and dura¬ 
tion of mechanical agitation result in significant variations in the apparent 
solubility of the powder. In part they attribute the variations they found 
to peptization of denatured proteins. These investigators proposed a 
method based on the determination of the total solids in the supernatant 
liquid. They found, however, that for the more soluble samples, this method 
was less sensitive than the estimation of the volume of sediment. 

In this laboratory the estimation of the amount of undissolved material 
also has been found more sensitive for differentiating between the more 
soluble powders than is the determination of the amount of dissolved solids. 
As the vigor of agitation in reconstitution is decreased, the sensitivity be¬ 
comes greater. By washing the sediment once the necessity of determining 
the total solids on the supernatant liquid has been eliminated; thus the com¬ 
plexity of the method as compared to that of Lampitt and Hughes (4) has 
been decreased. 

EXPERIMENTAL 

In devising the solubility test the authors have tried to simulate as 
nearly as possible, in reconstituting the sample, the conditions of concentra¬ 
tion, temperature, and agitation that probably would exist in the home 
kitchen if milk powder were to be reconstituted for beverage purposes. 
The detailed procedure that finally evolved, which we shall hereafter refer 
to as the “gravimetric sediment method”, is as follows: 

1. Weigh out a 5-g. sample of the powder to be tested and transfer it 
to a 125-ml. Erlenmeyer flask. 

2. Add 35 ml. of distilled water tempered to 22° C. to the powder in 
the flask. 

3. Immediately stopper the flask with a rubber stopper and shake for 
exactly 30 seconds. The shaking consists of four complete excursions per 
second, each excursion being an up and down motion through a distance of 
about 1 foot. 

4. Immediately pour the reconstituted sample into a clean, dry, 50-ml. 
round-bottom centrifuge tube that previously has been weighed to the near¬ 
est milligram. (Steps 2, 3, and 4 must be completed before the next sample 
is reconstituted. Several samples, preferably not more than eight to twelve, 
may be accumulated at this point before the remaining steps are carried 
out.) 

5. Centrifuge at the speed of a Babcock tester for 15 minutes (approxi¬ 
mately 900 r.p.m. with a 15-inch centrifuge). 

6. Decant into a graduated cylinder 30 ml. of the supernatant fluid. To 
retain the top film in the tube use a spatula or a rubber stopper notched to 
admit air at the top of the tube. 



SOLUBILITY OF MILK POWDERS 


465 


7. With 40 ml. of water at 22° C., rinse out the flask in which the sample 
was reconstituted, and add this water to the centrifuge tube. 

8. With a wire, stir the water with the sediment for about 10 seconds. 

9. Centrifuge again for 15 minutes at the same speed as before. 

10. Using a spatula or the cut-away stopper described in step 6 to hold 
back any floating material, decant the wash water carefully until the first 
flocculent sediment appears at the pouring lip. 

11. Dry the tubes containing the sediment overnight in an oven at about 
95° C. and weigh the tubes and dried sediment. The tubes are dried in a 
reclining position about 5° from the horizontal. 

12. The weight of the dry sediment is calculated as per cent of insoluble 
matter. This, then, subtracted from 100 per cent gives the solubility index 
in terms of per cent. 

The effect of retention of the floating layer . During centrifugation of 
the reconstituted sample there develops a film or layer which, with some 

TABLE 1 

Relationship of fat globule size to the fat content of the top film 


Powder no. 

Av. volume of 
fat globules 
(xl0“) 


Fat: protein ratio in: 


Top film 

Sediment 

Middle milk 

Dry powder 

25 

(cm. mm.) 

1.70 

8.07 

0.74 

0.87 

0.99 

40 

1.98 

6.96 


0.91 

1.01 

48 

0.32 

3.34 


0.81 

0.91 

38 

0.25 

3.06 


1.14 

1.19 

52 

0.22 

2.70 

1.12 

0.93 

1.01 

15 

0.26 

1.46 

1.24 

0.89 

0.99 

8 

0.24 

1.28 


0.77 


18 

0.31 

1.20 

1.13 

0.80 

0.90 


powders, attains a thickness of several millimeters. In previously described 
methods, this layer is considered as fat and is discarded. Inasmuch as the 
milk had been homogenized prior to drying, the quantity of this film fre¬ 
quently was too great to be accounted for by the separation of fat alone. 
In the samples showing the thicker top films, a considerable volume of air 
cells in the powder particles could be observed in microscopic preparations 
of the powder. It appeared reasonable that such air laden particles as were 
not soluble would retain the air during reconstitution and migrate to the 
top during centrifugation. On the other hand, if the film were due to migra¬ 
tion of fat globules only, there would be a marked increase in the fat-to- 
protein ratio in the film as compared to the fat-to-protein ratio of the original 
powder. 

In order to determine the nature of the top film, the film was collected 
after the first centrifugation from tubes prepared in the normal maimer for 
the test. The fat-to-protein ratio in this film was compared to that in the 
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original powder and also to that in the unwashed sediment and in the middle 
portion of milk. The results are shown in table 1. 

An attempt also was made to estimate the average size of the fat globules 
in the uncentrifuged milk and these data likewise appear in the table. The 
size of fat globules was estimated by the following method.- 1 ml. of recon¬ 
stituted milk (12.5 per cent solids) was diluted with 50 ml. of a warm solu¬ 
tion of 5 per cent gelatin. A loop of this mixture was placed on a slide 
and covered with a cover slip. By means of a previously calibrated Whipple 
eyepiece, the size of all globules in a given field under the oil immersion 

TABLE 2 

Effect of retention of the top film on the calculated solubility index 


Sample no. 

Solubility index 

Lowering of index due 
to inclusion of top film 

Top film 
discarded 

Top film 
retained 

1 

92.2 

89.9 

2.3 

4 

85.4 

83.9 

1.5 

7 

98.3 

93.9 

4.4 

9 

93.0 

83.6 

9.4 

11 

96.4 

93.5 

2.9 

12 

98.8 

97.6 

1.2 

15 

95.6 

93.3 

2.3 

16 

92.3 

90.4 

1.9 

17 

86.7 

84.9 

1.8 

18 

79.8 

76.7 

3.1 

20 

80.9 

79.2 

1.7 

21 

89.6 

89.6 

0.0 

22 

98.6 

85.5 

13.1 

28 

99.1 

96.9 

2.2 

38 

98.8 

96.9 

1.8 

40 

98.4 

96.2 

2.2 

41 

98.8 

97.0 

1.8 

42 

99.5 

96.0 

3.5 

43 

98.2 

92.9 

5.3 

44 

99.4 

96.6 

2.8 

48 

99.0 

96.5 

2.5 

50 

99.7 

98.0 

1.7 

52 

98.6 

95.3 

3.3 


objective of the microscope was estimated. The globules were grouped as 
to size and an average diameter was assumed. The groupings and the 
assumed diameters were: (a) greater than 2.5 microns (av., 5.0), (b) l.Q-2.5 
(av., 1.75), and (e) less than 1 micron (av., 0.5). From the average diame¬ 
ter and the number of globules in each group, the average volume of all of 
the globules was calculated. At least twenty fields were examined for each 
sample. 

Although the two samples with the larger fat globules showed consider¬ 
able enrichment of fat in the top film, in most of the samples a large amount 
of protein had migrated to the top film. For that reason, the top film was 
regarded as insoluble matter and was retained in the test. 
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The effect of retaining the top film is shown in table 2, where the solu¬ 
bility indices with and without the top film are shown for 23 samples of 
powder. With powders no. 22 and no. 9, the amount of top film was exces¬ 
sively large. Microscopic examination revealed that both of these powders 
contained a large volume of air occluded in the powder particles. The 
retention of the top film lowered the solubility index by more than 1 per 
cent for all powders except no. 21, in which there was no measurable amount 
of top film. From table 2 it may appear that the retention of the top film 
places a drastic penalty on all powder samples. In spite of this penalty 
several samples were obtained that repeatedly showed a solubility index 
greater than 99.0 (see table 5). Only in the case of whole milk powder 
made from unhomogenized milk would the retention of the top film cause 
the results to be unduly low. 

Effect of speed and duration of centrifugation. In the ADMI solubility 
test the samples are centrifuged at the speed of a Babcock centrifuge for 5 

TABLE 3 

Influence of speed and duration of centrifugation on the solubility index 


Sample 

Centrifugation at 900 r. 

p.m. 

Centrifugation 

at 2600 r.] 

p.m. 

IlO. 

5 min. 

10 min. 

15 min. 

30 min. 

5 min. 

10 min. 

15 min. 

30 min 

4 

88.0 


85.9 


82.4 


82.0 


15 

96.9 


96.4 

94.6 

95.5 


91.9 

89.4 

17 

86.3 

85.6 

84.5 


84.5 

82.9 

80.6 


18 

81.9 


79.4 

77.9 

77.6 


78.9 

78.2 

37 

99.0 


97.9 

96.8 

96.6 


91.0 

87.8 

43 

94.3 1 


92.3 

89.5 

90.3 

. 

86.3 

84.4 

50 

99.3 

98.7 

98.2 


97.2 

93.2 

91.8 



minutes. The authors found that after only 5 minutes at that speed neither 
the sediment nor the top film was sufficiently compact and tenacious to per¬ 
mit easy separation of the liquid without loss of insoluble matter. In order 
to determine the effect of the speed and duration of centrifugation, several 
trials were made with speeds of 900 and 2600 r.p.m. for 5 and 15 minutes. 
A few determinations were made with 10-minute and 30-minute periods of 
centrifugation. The results are shown in table 3. 

By increasing the time from 5 minutes to 15 minutes at a speed of 900 
r.p.m., the solubility index of the different powders was lowered 2.1 to 0.5 
points. Increasing the speed to 2600 r.p.m. caused a drop which, in the 
case of some powders, was quite marked. After 5 minutes at this speed the 
index was from 5.6 to 1.4 points lower than for the same period of time at 
900 r.p.m. and from 3.5 to 0.0 points lower than for a 15-minute period at 
900 r.p.m. Increasing the time to 15 minutes at the high speed caused a 
further marked decrease in index. 

A few analyses of the top film obtained at speeds greater than 900 r.p.m. 
revealed considerably more migration of fat to the top film at the higher 
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speeds. In order to keep fat migration to a minimum and yet get the top 
film and sediment sufficiently compact to facilitate easy separation of the 
liquid, a period of 15 minutes at 900 r.p.m. was adopted. 

Influence of time in the wet phase. After the reconstitution of the 
sample the undissolved matter is in contact with the water and subject to 
loss by solution or dispersion until the wash water is finally decanted. In 
addition to the two 15-minute periods that the samples are in the centrifuge, 
considerable time also is required to carry out the various manipulations of 
the test. With a set of eight samples the time that elapses from the recon¬ 
stitution of the first sample to the completion of washing of the last sample 
is approximately an hour. Sets of more than eight samples obviously would 
require more time. 

To determine what effect such an increase in time would have upon the 
results, a set of eight replicate samples was weighed out. Duplicates from 

TABLE 4 


Influence on the solubility index of time required to perform the test 


Time elapsed 
from recon¬ 
stitution to 
pouring off 
wash water 

Powder no. 15 

Powder no. 17 

Powder no. 18 

Powder no. 43 

Solu¬ 

bility 

index 

Increase 
due to 
time 

Solu¬ 

bility 

index 

Increase 
due to 
time 

Solu¬ 

bility 

index 

Increase 
due to 
time 


Increase 
due to 
time 

(min.) 

60 

95.8 


87.9 

0.0 

79.6 

0.0 

93.1 

I 


96.2 


88.2 

0.3 

79.8 


93.6 



96.6 

0.8 

88.8 

0.9 

80.2 

0.6 

93.7 

■ BjB ■ 

90 

96.8 


89.1 

1.2 

82.0 

1.4 

93.6 



this set were reconstituted at intervals of 10 minutes and held in the cen¬ 
trifuge tubes until the last pair was started. Then all of the samples were 
centrifuged and the test completed on the entire set in the usual manner. 
By this procedure the first pair of samples was in contact with water 30 
minutes longer than was the last pair. The results for four different pow¬ 
ders are shown in table 4. 

With powder nos. 15,17, and 18 there was a steady rise in the solubility 
index as the period of time increased, indicating that more and more of the 
insoluble matter was dispersed as the time of contact increased. In view 
of these data it is suggested that for uniform results no set of samples be 
so large that the manipulation cannot be completed within about 1 hour after 
reconstitution. 

Effect of temperature. A few trials were made to determine the effect 
of Hie temperature of the water of reconstitution upon the results of Hie 
test. Within the range of 19 to 30° C. the results were affected less by the 
initial temperature of the water than by the temperature of the room and 
the centrifuge in which the work was being conducted. The temperature of 
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the liquid in the tubes very quickly approached that of the environment. 
Although no well-controlled data are available to support the assumption 
that environmental temperatures affect the test, observations indicated that 
the temperature should be maintained as closely as possible in the range of 
20-25° C. 

Determination of blank. Obviously the gravimetric sediment method 
always will give a solubility index less than 100. To determine the extent 
of the residue remaining in the tube even after centrifuging fresh homogen¬ 
ized milk, residue tests were made on twelve batches of milk taken after con¬ 
centration in the vacuum pan and homogenization. In table 5 these data 
are compared with the solubility indices obtained on the corresponding fresh 

TABLE 5 

Comparison of solubility index of concentrated homogenized milk and 
the powder made from it 


Batch no. 

Total solids of 
cone, milk (%) 

Solubility index 

Milk* 

Powder 

96 

21.40 

99.1 

98.1 

97 

39.90 

99.2 

99.1 

98 

22.84 

99.0 

98.7 

99 

38.90 

99.4 

98.9 

100 

23.36 

98.3 

97.5 

101 

42.00 

99.1 

99.2 

102 

39.02 

99.1 

99.4 

103 

| 26.45 

99.2 

99.3 

104 

22.70 

99.1 

98.5 

105 

! 39.35 

99.4 

99.4 

106 

| 23.26 

98.6 

97.9 

107 

1 

| 40.09 

99.5 

99.3 


* Concentrated and homogenized. 


powders. The solubility indices obtained with the fluid milk samples ranged 
from 98.3 to 99.5. Generally, the less concentrated samples gave lower 
values than did the more concentrated samples. More efficient homogeniza¬ 
tion of the more .viscous fluids may have resulted in a smaller amount of 
floating film in the test. In three instances the milk samples gave slightly 
lower solubility indices than did the corresponding powder samples, but the 
differences all are within the experimental error of the method. 

Accuracy of the test . 2 In table 6 are shown the variations that occurred 
when the same operator repeated the test several times on the same sample. 
The data were accumulated by three different operators. In the case of 
powder nos. 48, 50, and 52, both operator A and operator B made several 
tests. The greatest variation found was with powder no. 57, which in twelve 
determinations had a mean solubility index of 94.41 with a range of 3.42 

s Part of the data used in this analysis was kindly furnished by Mr. Louis J. Manus 
and Mr. V. H. Menzies, graduate students in this department who employed the test in 
their research work. 
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TABLE 6 


Reproducibility of solubility indices 


Powder no. 

Operator 

No. of 
trials 

Mean 

solubility 

index 

Difference 

between 

extremes 

Standard 

deviation 

Difference 
in means 
between 

A andB 

15 

A 

5 

92.86 

1.90 

0.35 

— 

18 


5 

76.93 

1.64 

0.76 

— 

25 


4 

92.96 



- 

38 


4 

96.79 


0.14 

- 

40 


5 

95.92 



- 

48 


6 

96.38 

1.36 


- 

50 


. 7 • 

97.73 

3.26 


- 

52 


6 

95.33 

1.58 


- 

46 

B 

12 

96.95 

3.16 

0.96 

_ 

48 


11 

96.59 

2.10 

0.63 

+ 0.21 

50 


12 

97.23 

2.22 

0.67 

-0.50’ 

52 


! 13 

94.74 

2.84 

1.18 

- 0.59 

57 


12 

94.41 

3.42 

1.10 

- 

61 


12 

89.19 

2.32 

0.97 

- 

62 


8 

96.22 

1.67 

0.53 

- 

67 

C 

8 

97.38 

1.76 

0.56 

_ 

68 


10 

96.22 

0.56 

0.22 

- 

73 


10 

99.34 

0.30 

0.09 

— 

105 


6 

99.41 

0.24 

0.09 

- 

111 

i 

8 

99.40 

0.40 

0.15 

- 


points between the extremes of 92.30 and 95.72. The standard deviation was 
calculated separately for each group of trials. While no analysis of vari¬ 
ance was attempted, it can be seen by inspection of the standard deviations 
that two-thirds of the time the deviation from the mean can be expected 
to be less than d= 1. For powders in the range of greater solubility, such 
as nos. 73,105, and 111, the expected deviation from the mean would be only 
0.1 or 0.2 point. 


TABLE 7 

Comparison of the gravimetric sediment method with the ADMI method for 
determining solubility 


Powder no. 

Solubility index 

Gravimetric sediment 
method 

ADMI method 

28 

96.9 

0.04 

7 

93.9 

0.1 

11 

93.5 

0.1 

15 

93.3 

0.04-0.29 

1 

89.9 

0.06-0.1 

21 

89.6 

0.1 

17 

84.9 

0.1-0.15 

4 

83.9 

Q.l 

9 

83.6 

0.35 

18 

76.7 

0.4 
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In the case of the three powders that were examined by both operator A 
and operator B, the difference between the means obtained by the respective 
operators was considerably less with every powder than was the difference 
between extremes found by each operator. 

These results all were obtained by different men working: in the same 
laboratory. It would be interesting to see how the results from different 
laboratories would compare. 

Compariwn with the ADMI method . For ten of the lots of whole milk 
powder on which the solubility index has been determined by the gravimetric 
sediment method, data on the ADMI solubility method also are available. 
The data obtained on these powders by the tw o methods are shown in table 7. 
Where two values are shown for the ADMI method, they represent results 
obtained on the same lot of powder by two different laboratories. 

A high value obtained with the ADMI method should compare with a 
low value obtained w r ith the gravimetric sediment method. For the last two 
samples listed in table 7, this relationship holds. For the other eight 
samples there is no significant difference found with the ADMI method; 
with the gravimetric sediment method, on the other hand, there are wide 
differences ranging from a high of 96.9 to a low of 83.9, a range of 13.0 
points. Aeeording to the analysis in table 5, that difference is highly 
significant. 

DISCUSSION 

The gravimetric sediment method was designed primarily for use with 
whole milk powders, especially for those powders that may be sufficiently 
soluble for use as a beverage after reconstitution. In our experience, pow¬ 
ders which give a solubility index of 97 or above are easy to reconstitute 
without mechanical stirring and give a product free of scum or graininess 
on the w r alls of the vessel and also free of a chalky feel in the mouth. In 
physical appearance the reconstituted milk from these samples cannot be 
distinguished from fresh homogenized milk. On the other hand, those 
powders with a solubility index of 90 or less always show some physical 
abnormality of one kind or another when reconstituted without vigorous 
mechanical agitation. As shown in table 7, the ADMI method fails to dis¬ 
tinguish reliably between powders which, by the gravimetric sediment 
method, show a solubility index of 85 or greater. All of the powders listed 
in table 7, when tested by the ADMI method, would meet the requirements 
of premium grade powder with respect to solubility (1). Most of those 
powders, however, yield reconstituted milks that leave a grainy, chalky, 
or churned appearance on the walls of the glassware in which they are 
handled. 

Experience with the gravimetric sediment method probably will dictate 
that certain changes be made in the procedure outlined in this paper. For 
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example, the shaking procedure in the reconstitution of the sample is diffi¬ 
cult to standardize. A standard mechanical shaking device might help to 
obtain more uniform results. Undoubtedly the temperature of the room in 
which the test is conducted influences the results significantly. A carefully 
controlled temperature would improve the accuracy of the method. 

Even with its present imperfections, the test is the most sensitive of any 
that has come to the attention of the authors. Unfortunately, it penalizes 
whole milk powder that is made from milk that has not been homogenized. 
Since most of the whole milk powder manufactured in the United States is 
made from homogenized milk, however, this is not a serious defect. The 
gravimetric sediment method is offered here as a tool for use in research 
in the improvement of the solubility of milk pow r der. 

• SUMMARY AND CONCLUSIONS 

A new method has been devised for determining the solubility of milk 
powders. It is sensitive to differences in solubility of powders which are too 
soluble to be differentiated by the method of the American Dry Milk Insti¬ 
tute. 

The new method differs from the ADMI method in the following fea¬ 
tures : 

1. All of the reconstituted sample is used in the test instead of only a 
portion. 

2. Reconstitution is by a standardized shaking procedure which puts 
into suspension less of the difficultly soluble material than does the vigorous 
mechanical stirring in the ADMI method. 

3. The undissolved material separated by centrifugation of the reconsti¬ 
tuted sample is dried and the amount is determined gravimetrically. 

4. The results can be calculated to give the solubility index in terms of 
per cent of soluble material. 

The method gives results that can be reproduced within a narrow range 
on repeated trials by the same operator or by different operators. 
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THE NATURE OF SOME AIR-BORNE MATERIAL AROUND 
DAIRY ESTABLISHMENTS 1 - 2 

T. J. CLAYDON 

Department of Dairy Husbandry, Kansas Agricultural Experiment Station, Manhattan 

Efforts of dairy plant operators to prevent contamination of their raw 
and finished products with extraneous matter have been only partially suc¬ 
cessful. After continued operation of control programs, varying amounts 
of foreign matter still are found occasionally in the products. Presumably 
some sources of such material have not been controlled adequately. With 
the increasing tendency to study extraneous matter microscopically and 
emphasize its nature, small amounts of material become more significant. 

The air around establishments where dairy products are produced and 
processed might be an important source of contaminating material; however, 
this potential source has received little attention. Although air frequently 
is examined to determine the prevalence of microorganisms, pollen, and 
dust particles and fumes of industrial origin, no reports have been seen 
on the incidence of other particles which sometimes are found in food prod¬ 
ucts. The study reported herein was conducted to determine the general 
nature of air-borne material around dairy establishments. Such informa¬ 
tion would be helpful in planning control measures and in the interpretation 
of sediment test data on dairy products. 

METHODS 

Two methods of examination for air-borne material were used: (1) filtra¬ 
tion, to detect particles floating in the air; (2) sedimentation, to give infor¬ 
mation on the type of material actually settling out of the air and for use 
when there were no facilities for operating the filtration procedure. While 
the two methods often were used concurrently, conditions did not always 
permit this arrangement. In general it was not intended to study particles 
smaller than could be readily observed with the 85x magnification of the 
wide field, microscope. Although such smaller material undoubtedly is im¬ 
portant from some standpoints, it is not of immediate concern as extraneous 
matter in dairy products. 

Filtration method. In adopting a procedure for the detection of float¬ 
ing material, various described methods for the examination of air for bac¬ 
teria, pollen, and industrial dust particles (1, 2, 3, 5, 6, 10) appeared to 
involve too small a volume of air or otherwise were impractical for the pro¬ 
posed study. After trying a variety of methods using suction fan equip- 

Received for publication April 30,1947. 

i Contribution no. 166, Department of Dairy Husbandry. 
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ment, a modification of the filtration apparatus of Silverman and Williams 
(11) using a tank-type vacuum cleaner finally was adopted. The dust bag 
and filter pad were removed from the tank to permit drawing a greater 
volume of air. A simple adapter, attached to the intake end of the cleaner 
hose by a piece of gooch rubber tubing, held the lintine disc in position and 
permitted filtration at the intake (fig. 1). The adapter consisted of a 
1^-inch metal cylinder If inches in diameter with a wire screen soldered in 
place to support a Standard lj-inch lintine milk sediment test disc. A 
cylindrical clamp was provided to hold the disc in place, and paper gaskets 
were used to make a tight seal. Filtration at the intake, rather than within 
the tank or hose, avoided the possibility of contamination by residual mate¬ 
rial carried over from one run to another. 



Fig. 1. Adapter of type used to hold lintine sediment test disc in place at intake 
end of vacuum cleaner hose. 

With the lintine filter disc in place the apparatus was capable of drawing 
an average of 26.1 cu. ft. of air per minute. 3 Some variation in this rate 
was observed but it was small and not considered of importance in the 
study. The chief disadvantage of the vacuum cleaner apparatus was the 
dependence on electricity. Among its advantages were its portability and 
capacity to handle a relatively large volume of air. Although the lintine 
filter disc undoubtedly permitted some fine particles to be drawn through 
and others to become imbedded in it, this also is true of its use in sediment 
tests made on dairy products. In general, the soft face of the disc was 
effective in catching and holding air-borne particles until they could be 
examined microscopically, although some of the larger particles tended to 
drop off during handling unless considerable care was exercised. Efforts 
to improve the disc by adding some adhesive substance or by using different 
filtering material were not considered satisfactory. Furthermore, the pos- 

3 The apparatus was calibrated by members of the Kansas State College Department 
of Physics. - 
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sibilities of contaminating the disc were increased by such preparation and 
additional handling. The lintinc discs, as purchased in packages, are ideal 
for air examination in the field. They are clean, handy, ready to use, and 
widely employed for checking extraneous matter in dairy products. In air 
studies they can be packaged, examined, and recorded in the same manner 
as when used with other products. 

In filtering air with the tank vacuum cleaner apparatus, the adapter 
first was wiped thoroughly with a fresh clean lintine disc to remove any 
adhering particles. A new disc then was inserted and clamped in place. 
The intake, supported by a ring stand, was held in a generally vertical 
position about 18 inches above the floor or ground during a filtering period 
of 15 minutes. This period was selected after a few preliminary trials as 
being sufficient to collect adequate material for study under most condi¬ 
tions, and short enough to permit a number of tests to be made without 
excessively prolonging, the operations. Limiting the trial to 15 minutes 
had the additional advantage that the motor did not overheat as it did dur¬ 
ing longer runs with the restricted air intake. The volume of air filtered 
at each operation was, accordingly, 391.5 cu. ft., with small variations. 
Precautions were taken that the intake was not adjacent to walls, ledges, 
floors, or other such sources from which it might pick up material. With 
the relatively long hose attachment it was possible to have the intake about 
8 feet from the exhaust. Also in small spaces the exhaust air was directed 
into an open doorway. These practices minimized the drawing in of mate¬ 
rial stirred up by the exhaust air. At the end of the operation period the 
disc was removed carefully and tightly stapled in one of the common sedi¬ 
ment test record cards with cellophane window. First, however, the cello¬ 
phane was wiped carefully with a new, unused lintine disc to remove any 
extraneous particles. Such data as place of examination, weather condi¬ 
tions, and date were noted on the sediment card. The cards with discs were 
returned to the laboratory for microscopic examination and recording. ' 

Another apparatus somewhat similar in action to the tank-type vacuum 
cleaner, and which did not depend on electricity, was a cleaner hose attached 
to the suction windshield wiper line of an automobile. The same adapter 
for holding the lintine filter disc was used. This equipment drew about 
6 cu. ft. of air per minute with the motor idling at a fast speed. In pre¬ 
liminary trials this apparatus collected considerably less material than the 
vacuum-cleaner machine, even though used over much longer periods. Ac¬ 
cordingly, this automobile-powered equipment was not used further during 
the investigation but may have some application under certain conditions. 

Sedimentation method . Large petri plates (bottom portion 140 mm. x 20 
mm.) were selected as the most satisfactory containers in wdiich to collect 
particles settling from the air. These plates have the advantage of being 
easily protected before and after exposure, as well as being convenient for 
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field work. No water or adhesive substance was used in the plates during 
exposure. Although some of the material collected might have drifted out 
of the plates later, the use of liquid would introduce other problems. The 
uncovered plates were placed on equipment or other surfaces and were left 
exposed for 2 hours during the day. This period is about the length of time 
that cream often is exposed in cans in cream stations during filling or before 
being covered by the operator. By using the 2-hour period, more tests 
could be made the same day and the exposed plates generally could be kept 
under observation. After exposure the plates were covered, labeled, packed, 
and returned to the laboratory. The material collected in the plates was 
removed with about 25 ml. of sediment-free water, using a wash bottle and 
a clean rubber policeman. The water from the plates was filtered through 
li-inch lintine discs, using a simple filtering aid connected with a suction 
pump. The discs were mounted, dried, and then examined and filed in the 
same manner as those from the filtration method. Plates occasionally were 
examined microscopically after the removal of the collected material to see 
that no particles remained. 

Examination of extraneous matter. The lintine discs were examined 
with a wide field microscope having magnifications of 21.2 X, 42.5 x, and 
85 x. Some of the more significant material found on the discs was identified 
through comparison with standards prepared from insect parts, rodent 
hairs, other hairs, vegetable substances, and other types of extraneous mat¬ 
ter to which dairy products might be exposed at some stage of production, 
transportation, or manufacture. Familiarity with the microscopic appear¬ 
ance of these materials assisted in the identification of extraneous particles. 4 
Identification of rodent hairs also was further facilitated by descriptive 
material (4, 7, 8). The extraneous matter on the lintine discs was grouped 
into nine general types, as indicated in table 1. This classification and the 
method of examination are generally the same as used by Miersch and Price 
(9) in a study on extraneous matter in cheese. The discs were checked as 
positive for each type of material encountered, irrespective of the number 
of particles present, except that rodent hairs were counted. 

RESULTS 

One hundred forty-four examinations for air-borne extraneous mat ter 
were made in various locations inside and outside four creameries, six cream 
stations, and seven cream producing farms. The farms were in the vicinity 
of Manhattan; the creameries and stations were located in a larger area, 
approximately 100 miles across. Both filtration and sedimentation methods 
of examination were used, but not necessarily concurrently. Where elec¬ 
tricity was not available, only the sedimentation method was employed. 

* Assistance in part of this work was obtained from staff members of the College 
Departments of Entomology and Zoology. 



EXTRANEOUS MATTES IN AIR 


477 


eo ® 

m $2 

4 j N rt P* 

8 g 

£ ii 

•r 


*5 "^Oq^UJCOOiHlr^rH 
o i> ^ 00 CM* CO O ! 

ft, H'l'na^KCS 


2j M pH 

C N 8 S 

£ ^53 


S^ 0 C 0 DM»©C]m 
c 00 -* 00 N oi ©i IO 

ft, rl CC CO l- <<* OC »JT5 SO 


89 ££ 

1-i.g* 

£ .11 

X! 


o»w«c iq o « c 

8 irf oi c4 © ci r? ci o 

g, CJ n CC « O ® l- © S 


« § s 

8 « *5 ■£. 

? rt 2g 


‘C W S C b» N CC S l> (9 

'55 fc © © © © eo © © oc 

a rl 04 CJ *■* © 00 00 OS 

ft. 


04 «M « 
« 

O h e Ch 

*C ^ § g 

£ .si 

v 


~ « oc h * a w © ci w 
6 t> si t>i © cc co id »rS co 
ft, hm^nncs 


* C a 
r-t o a> 

8 © *■§&« 

1*1 s 

a/ 2i g 

CO © * 


■t; SCCMWSSWNCO 

5 ©’ co oo © ©* ©* co © co 
£ f-trHC'JjlOOOIfit-t^OO 


UMIls? 





478 


T. J. CLAYDON 


Examinations wore made principally in late summer and fall. Climatic 
conditions were generally normal for the period, although there was con¬ 
siderable rain in early fall. Examinations were made under average 
weather conditions with extreme situations being avoided. Outdoor tests 
were not made during or immediately following rain. 



Fig. 2. Upper —Lintine disc after Altering approximately 390 cu. ft. air. Shows 
darkened disc but no large particles. Lower —Photomicrograph of portion of same disc 
showing rodent hair with upper portion out of focus. 50 x. 

Results are shown in table 1. The types of material indicated were 
present in the air around creameries, cream stations, and farms, and were 
found by both methods of examination. The table shows the percentage 
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of samples positive for each type of material as obtained in each series. 
Most of the particles encountered were small and seldom could be identified 
without the aid of a microscope. This was particularly true in the case of 
the filtration examinations, where the lintine discs often became decidedly 
dark from the accumulation of small particles (fig. 2). The larger particles 
that were encountered usually were vegetable matter and most often were 
obtained by sedimentation in windy weather. 

Coal dust, sand and clay, and cloth fibers generally were the most fre¬ 
quently encountered identified material. Vegetable matter was common, 
and hairs other than rodent type and insect parts frequently were found. 
Although rodent hairs and feather parts generally were less common than 
the other types of material, they were obtained around each class of estab¬ 
lishment by both methods. Since longer testing periods would tend to 
increase up to 100 per cent the incidence of positive samples for each type 
of material, relative percentages should not be emphasized too greatly. 

Weather conditions and season were observed to influence the amount 
and type of air-borne material. For this reason, and since all examinations 
were not made at the same time or under identical conditions, comparisons 
between results at creameries, cream stations, and farms cannot well be made. 
Considerably more extensive studies w 7 ould be desired to permit these com¬ 
parisons. Also, the two methods used hardly are comparable, since they 
differ in principle and time periods involved. Furthermore, they not always 
were used concurrently. For these reasons sedimentation data should not 
be compared with filtration data other than in a general manner to point 
out that the same types of air-borne material were demonstrated by each 
method. 

discussion 

The investigation showed that the same types of extraneous matter some¬ 
times found in sediment tests of dairy products are present in the air around 
creameries, cream stations, and farms. The materials collected in exposed 
petri plates would indicate that some might settle onto expose?! equipment 
and into milk or cream during the various stages of production and mar¬ 
keting. 

Observations made during the investigation indicated that the amount 
and type of air-borne material varied with weather and seasonal conditions, 
as might be expected. After rain had v r ashed the air and before the soil 
became dry on the surface, relatively little material was obtained, particu¬ 
larly outdoors. Also, with the onset of colder weather in the fall, the inci¬ 
dence of insect parts decreased. More material was collected in dry windy 
weather, particularly outdoors, since much of it not normally air-borne was 
then carried about. 

Of the various types of extraneous matter encountered in air, the insect 
parts and rodent hairs presumably are of most significance and w r ere found 
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more frequently than was anticipated. Since the frequency with which 
rodent hairs are reported in dairy products is seemingly larger than can be 
accounted for by the possibility of more direct contamination, air may be a 
source of contamination by such material. In creameries, rodent hairs were 
found most frequently in the dry storage room. None were detected in 
churn rooms or print rooms; one positive sample was obtained from a receiv¬ 
ing room. Rodent hairs were not found outside the plants. 

Cream stations present a more difficult problem in the prevention of 
contamination by rodent hairs and insect parts because of the relative loca¬ 
tion and size of the establishments. Too often cream stations are located 
not far from grain mills, feed storage rooms, or produce houses which may 
be infested with rodents and insects. Therefore, the best of housekeeping 
in the small room used as a cream station may be ineffective in controlling 
air-borne foreign material. For example, in one station studied, where the 
general state of cleanliness was about average, air examinations showed the 
presence of rodent hairs both in and outside the station. The material col¬ 
lected from the air also contained an unusually large number of particles 
later identified as corn cob fragments from a feed mill about 200 yards 
distant. These findings suggested an association between the feed mill, the 
com cob fragments, and the rodent hairs, which is natural in view of the 
general infestation of farm corn cribs with rats and mice. Such corn prob¬ 
ably would increase the rodent hair content of the air in the vicinity of the 
mill, particularly when material as large as cob particles is being blown 
about during processing. Later examination of the air near the mill by 
both sedimentation and filtration methods showed the presence of rodent 
hair fragments, even though no cob particles were observed in the air at the 
time. A sample of soil from the vicinity also showed similar fragments. 
Thus it is apparent that under such conditions the presence of rodent hairs 
in the air of a near-by cream station is practically beyond the control of the 
station operator. 

Farms present a rather different situation. Rodents and rodent hairs 
are extremely common around corn cribs and feed storage. Their numbers 
around barns may be limited by the presence of cats. However, since the 
hairs of both rodents and cats are very similar, they may be confused with 
one another in material obtained from barn air. In distinguishing them one 
must rely on general familiarity with the two types of hairs, plus evidence 
of cats or rodents in the near vicinity. Thus it is possible that, in the data 
reported herein as pertaining to examinations of air on farms, some cat hairs 
may have been included as rodent hairs. 

The information obtained suggests that greater attention should be given 
to the protection of dairy products and equipment used in all stages of pro¬ 
duction and marketing to reduce possible contamination from air-borne ex¬ 
traneous matter. The actual methods required would consist, mainly, of a 
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more assiduous application of such practices as the complete covering and 
protection of milk, cream, equipment, and supplies; the use of tightly fitting 
can covers and, possibly, parchment liners; and the scrubbing of utensils 
and equipment immediately before use to remove settled particles. The 
filtration of air in dairy establishments would be another possible preventive 
measure, and general good housekeeping and sanitation practices would 
minimize possible contamination from air-borne particles. The fundamen¬ 
tal control of the more objectionable extraneous matter lies in the elimina¬ 
tion of the rodents and insects themselves. 

SUMMARY AND CONCLUSIONS 

1. A method was developed and used for the examination of air for some 
types of extraneous matter. It provided for the filtration of air through a 
standard li-inch lintine milk sediment test disc at the average rate of 26.1 
cu. ft. per minute. A sedimentation method also was used in which large 
petri plates were exposed for 2-hour periods. 

2. Examinations for air-borne material were made at creameries, cream 
stations, and farms during late summer and fall of the year. The extraneous 
matter encountered was grouped into the following nine types: feather 
parts, rodent hairs, other hairs, insect parts, vegetable matter, cloth fibers, 
sand and clay, coal dust, and unidentified. 

3. Sand and clay, coal dust, and cloth fibers were the most common types 
of identified material obtained by the air examination methods used. Vege¬ 
table matter, insects parts, and hairs other than rodent types were obtained 
less frequently. Generally, rodent hairs and feather parts were found the 
least frequently. All of these typfes of material, however, were obtained 
from the air around creameries, cream stations, and dairy farms by both of 
the methods used for examination. The results obtained by one procedure 
generally supported those obtained by the other. 

4. Most of the particles encountered were small, requiring the use of the 
wide field microscope for identification. The larger particles encountered 
commonly were of vegetable origin, and were obtained most frequently in 
dry, windy weather, particularly by the sedimentation procedure. 

5. The main significance of the investigation is that some of the same 
types of material reported in sediment tests of dairy products were found 
to be air-borne around dairy establishments. 
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SOURCES OP VARIATION IN THE BIRTH WEIGHT OF 
HOLSTEIN-FRIESIAN CALVES 1 

W. J. TYLER,2 A. B. CHAPMAN, and G. E. DICKERSONS 
University of Wisconsin, Madison 

Differences between calves in size at birth sometimes are used as an indi¬ 
cation of differences between them in vigor, potential growth rate, and 
mature size. If variations in the size of calves at birth are to be considered 
in selection or mating plans, knowledge of the relative importance of the 
various sources of this variability can be used for standardizing the non- 
genetic influences, predicting the progress from selection, and estimating the 
effects of inbreeding on birth weight. 

REVIEW OF LITERATURE 

Sex of calf, calving sequence, weight of dam, length of gestation, breed, 
and heritable difference within breeds have been reported as factors influenc¬ 
ing birth weights (5, 6, 7, 8.11). These investigations showed significantly 
lighter average birth weights for calves from immature dams. Knapp and 
coworkers (7) in their analysis of birth weights of 98 beef Shorthorn and 
dairy Shorthorn cattle found a correlation of 0.55 between birth weight 
and length of gestation, 0.21 between birth weight and calving sequence, 
and 0.22 between birth weight and weight of dam. Thirty-eight per cent 
of the variation in birth weights could be ascribed to length of gestation, 
calving sequence, and weight of dam combined. Season of calving had little 
or no influence on birth weight. To estimate heritability an intra-class cor¬ 
relation of 0 17 between calves out of the same dam was calculated from the 
data for beef Shorthorn and dairy Shorthorn calves. The relationship 
between these calves would be 25 per cent (half-sibs) or more; hence the 
heritability could be estimated at 0.68 or less. The heritability of birth 
weight in range cattle has been estimated at 0.2 to 0.4 by Knapp and Nord- 
skog (8). Eckles (5) indicated that maternal size influences birth weight 
of calves over and above the effect of calving sequence. Woodward and 
Graves (16) found that intense inbreeding (25 to 50 per cent by Wright’s 
coefficient) in both Guernsey and Holstein-Friesian grade cattle resulted in 
lighter calves at birth. Bartlett and coworkers (1), on the other hand, 
found no significant differences between the birth weights of inbred and 
outbred Holstein-Friesian cattle in their experiment. A 10 per cent differ¬ 
ence in birth weight between inbred (16 per cent) and outbred Holstein- 
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Friesian calves by the same sire, in favor of the outbreds, has been reported 
by Dickerson (3) on early data drawn from the same herds reported here. 

EXPERIMENTAL 

The data for this study were obtained between 1937 and 1945 from three 
herds of Holstein-Friesian cattle owned by the Wisconsin State Department 
of Public Welfare. The birth weights of 395 male and 399 female calves 
bom as singles were obtained during the period of the experiment. All 
calves bom as twins have been omitted from the study. The number and 
average birth weight of the outbred (F x less than 0.06—Wright’s (20) 
coefficient) calves have been summarized by herd, sex, and calving sequence 
of their dam in table 1. The inbreds (F« 5 0.06) are classified similarly in 
table 2 . 

In both outbred and inbred groups the males were significantly heavier 
than the females, the average difference being 5.1 and 6.5 lbs., respectively, 
for all three herds. Both male and female calves from herds 1 and 3 were 
significantly heavier at birth than those from herd 2. Although the differ¬ 
ence between the weights of the male calves in herds 1 and 3 was small for 
both inbreds and outbreds, the inbred female calves in herd 1 were 4.3 lbs. 
heavier than the inbreds in herd 3, a significant difference. 

The effect of calving sequence of dam is clearly demonstrated in tables 
1 and 2. The first calf heifers in general gave birth to lighter calves of 
both sexes. The sole exception appears to be the dams of the inbred males 
in herd 2 , but the small number of individuals observed here probably 
accounts for the inconformity. Calving sequence apparently has no influ¬ 
ence after the second calving. 

Analysis of variance was carried out to test the significance and to deter¬ 
mine the relative importance of various factors on birth weight. In order 
to estimate the variance attributable to the main effects and their interac¬ 
tions, the data were analyzed using the method of expected subclass numbers 
(13). This method is based on the hypothesis that the population subclass 
numbers are proportional or equal and that the disproportionate numbers 
in the sample merely are chance variations. The mean square within sub¬ 
classes is used as the residual variance to test the significance of the various 
main effects and their interactions. The average birth weights of the calves 
for the three herds, the five calving sequences, and both 9 exes for all out- 
bred and inbred calves, weighted according to expected numbers, are given 
in table 3. 


Herd, Sex, and Calving Sequence 

Herd, sex, calving sequence, and the interaction between herds and calv¬ 
ing sequence (Herd x CS) were significant sources of variation in birth 
weight in the non-inbred group of calves. The Herd x CS mean square 
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TABLE 3 

Mean birth weight for herd, sex , and calving sequence for all outbred and inbred 
calves, weighted according to expected numbers 


Item 

Outbreds 

Inbreds 

Herds 

Obs.) 

(lbs.) 


* 1 

97.2 

90.9 

2 

85.3 

77.2 

3 

97.6 

86.1 

Sexes 



Male 

95.4 

88.4 

Female 

90.3 

83.0 

Calving sequence 



1 

84.3 

79.2 

2 

93.4 

89.1 

3 

96.8 

88.7 

4 

93.5 

90.4 

5 

95.4 

91.4 

Total 

92.9 

85.5 


measures the variation in the differences between calving sequence from 
herd to herd. The other first order interactions and the second order inter¬ 
actions were not significant. 

The variance components of the mean squares in table 4 can be separated 
according to the sources of the differences between individual birth weights. 

A - variance within individual subclasses 

11 = additional variance due to Herd x Sex x Calving Sequence interaction 
C - additional variance due to Sex x Calving Sequence interaction 
1) = additional variance due to Herd x Calving Sequence interaction 
E ~ additional variance due to Herd x Sex interaction 
F = additional variance between Calving Sequence 
G = additional variance between sexes 
H = additional variance between herds 

Inasmuch as the mean squares for the Sex x CS and the Herd x Sex x CS 
were smaller than the within subclass mean square, B and C were assumed 
to be zero (table 4). Estimates of the other variance components are as 
follows: 


Variance 

Source 

Amount 

Per cent of total 

A 

Within 

103.5 

54.6 

D 

Herd x CS 

3.9 

2.1 

E 

Herd x Sex 

1.1 

0.6 

F 

CS 

19.4 

10.2 

G 

Sex 

12.0 

6.3 

H 

Herd 

49.7 

26.2 


Total . 

189.6 

100.0 


The birth weights of the inbred calves have been analyzed similarly. 
The main effects all were significant sources of variation, while none of 
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TABLE 4 

Analysis of variance of birth weights of outbred calves 
(expected subclass number technique) 


- 

Source of variation 

Degrees of 
freedom 

Mean 
, square 

Variance components of 
mean square* 

Herd . ... 

2 

7499.51 

1.19 A + 14.95 2J + 29.85 J) 

+ 72.27 B +144.29 H 

Sex . 

1 

2818.01 

1.17 A 4-15.22 B + 43.40 C 
+ 73.59 E + 217.60 G 

Calving Sequence (CS) 

4 

1912.2+ 

1.17 A +14.64 B + 43.30 C 
+ 29.23 D + 86.50 P 

Herd x Sex . ... 

2 

206.0 

1.19 A +14.90 B + 72.02 E 

Herd x CS 

8 

234.41 

1.19.4 + 14.33 B+ 28.61 D 

Sex x CS . 

4 

64.2 

1.18 4+14.59 B+ 43.15 C 

Herd x Sex xCS . . . 

8 

76.0 

1.20 A +14.28 B 

Within subclasses ... 

406 

103.5 

A 


* The method used in computing the coefficients of the components of variance when 
the numbers in the subclasses are disproportionate was obtained from S. L. Crump, Associ¬ 
ate Professor, Statistical Laboratory, Iowa State College, Ames, Iowa. 
tP<0.01. 
t P < 0.05 > 0.01. 

the interaction mean squares were large enough to be significant, although 
C and D were positive. The components of variance were estimated as 
follows: 


Variance 

Source 

Amount 

Per cent of total 

A 

Within 

104.8 

56.0 

C 

Sex x CS 

0.8 

0.4 

D 

Herd x CS 

0.6 

0.3 

F 

CS 

33.7 

18.0 

G 

Sex 

14.2 

7.6 

H 

Herd 

33.2 

17.7 

, 

Total . 

187.3 

100.0 


In these data herd, sex, and calving sequence of dam accounted for ap¬ 
proximately 44 per cent of the total variation in birth weights as compared 
to 45 per cent in the non-inbred group. 

Size of Dam % 

Measurements of heart girth taken approximately 1 month following 
calving were available as an indication of body weight (2) on the dams of 
728 calves which were weighed at birth. The analysis of covariance gave 
the following intra-herd, intra-sex correlations between dam’s heart girth 
(JT), calving sequence of dam (C), and birth weight of calf (B) based on 
722 degrees of freedom: 

V*BH m 0.31 
f*Bo * 0.35 
Tch = 0.50 
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The method of path coefficients (18, 21) was used to determine the rela¬ 
tive importance of dam's heart girth and calving sequence as causes of vari¬ 
ation in birth weights of calves. The relationships may be diagramed 
logically as follows: 



P BC =0.26 
P BH -0.18 

P HC =Q50 
p 0H p HC *0 09 


In this diagram the straight lines represent standard partial regression 
coefficients (path coefficients) and the curved lines designate correlation 
coefficients. The letter F represents all other unanalyzed causes of vari¬ 
ation in heart girth independent of calving sequence, and V represents all 
other sources of variation in birth weight independent of both calving 
sequence and heart girth. 

The correlation between birth weight and calving sequence has been 
divided into two components. One, p B c - 0.26, measures the influence of 
calving sequence on birth weight independent of its association with size 
of dam. The other, pmtPnc = 0.09, represents the effect of calving sequence 
on birth weight through its association with heart girth. The results here 
indicate that the effects of calving sequence of dam, independent of her size, 
may be slightly more important than her size (heart girth) as a source of 
variation in birth weight. The indication of curvilinearity for the relation¬ 
ship between C and B means that this form of analysis gives only a rough 
approximation of the relative importance of these factors. 


Year and Season 

The effects of year and season on birth weights were analyzed separately 
for each sire to avoid any confounding effects of sire and time trend. The 
method of fitting constants (13) was used in the analysis because of the dis¬ 
proportionate subclass numbers and the absence of data in some subclasses. 
I'his method is described as being based on the assumption of zero interac¬ 
tion; nevertheless, the method can be used to test the significance and to 
estimate the size of interactions. 

Birth weights (adjusted to a mature dam and female equivalent) of the 
offspring of six sires in two herds were tested for seasonal and yearly effects. 
The analyses of the sires' offspring in herd 3 are presented in table 5. There 
were no significant differences between years or seasons. 
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TABLE 5 

Analysis of variance of birth weights of calves by sires in herd S 
(method of fitting constants) 


Source of 
variation 

Sires 

B 

C 

S 

Degrees 

of 

freedom 

Mean 

square 

Degrees 

of 

freedom 

Mean 

square 

Degrees 

of 

freedom 

Mean 

square 

Years ... . 

3 

197 

6 

56 

6 

52 

Seasons . 

3 

83 

3 

49 

3 

64 

Years x Seasons. 

4 

212 

13 

90 

11 

103 

Within subclasses . . 

41 

132 

80 

109 

62 

113 


The number of offspring per sire in herd 2 was small; hence it did not 
seem feasible to make a detailed analysis using the method of fitting con¬ 
stants. The regular analysis of variance did not indicate any significant 
yearly or seasonal effects (table 6). 

Heredity 

The correlations between the birth weights of f ull-sibs, paternal half-sibs, 
and maternal half-sibs, as well as the intra-sire regression of offspring’s birth 
weight on dam’s birth weight, were used in the present study as a basis for 
calculating heritability of birth weight. The birth weight of each calf was 
standardized to a mature dam basis (second calving sequence and over) and 
to a female calf equivalent within each herd. The adjustment factors for 
each herd w r ere computed from data in tables 1 and 2. 

Correlations between the birth weights of paternal half-sibs were derived 
from the analysis of variance of birth weights in which the variances in each 
herd were divided into portions due to sire differences and to differences 
between the offspring of the same sire. If A represents the variance be¬ 
tween members of a progeny group and B is the additional variance between 
non-half-sibs, the correlation between offspring by the same sire corresponds 
to the fraction which B is of A + B. This i,s an estimate of the reduction in 

TABLE 6 


Analysis of variance ; of birth weights of calves by sires in herd 2 


Source of 
variation 

Sires 

7003 

301 

353 

Degrees 

of 

freedom 

Mean 

square 

Degrees 

of 

freedom 

Mean 

square 

Degrees ! 
of 

freedom 

Mean 

square 

Years. 

4 

3 

4 

112 

2 

156 

Seasons . 

3 

45 

3 

35 

3 > 

29 

Within subclasses . 

36 

58 

45 


26 

108 
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total variance that should result if all the calves were by the same sire but 
out of different dams. 

If, however, the genetic relationship within groups is larger than that of 

2j 

paternal half-sibs, A is expected to be smaller and the fraction ^ + ^ larger 
than that for paternal half-sibs. Conversely, if there is any relationship 
between groups, both B and should be decreased. In either case, 

jj 

represents the average correlation between individuals within the 
groups. 

TABLE 7 


Variances and intra-class correlations between birth weights of half - and full-sibs 

within herds 


Approximate 

relationship 

Herd 

No. of 
calves 

No. of 
progeny 
groups 

Variance* 

B 

Prob. 

A 

B 

A+B 

Paternal 

1 

224 

14 

119.0 

13.3 

0.10 

as 0.05 

half-sibs 

2 

209 

6 

80.3 

16.5 

0.17 

< 0.01 


3 

332 

6 

118.8 

23.6 

0.17 

< 0.01 


Total 

765 

26 

108.3 

13.2 

0.11 

< 0.01 

Maternal 

1 

138 

63 

332.1 

4.6 

0.03 

> 0.05 

half-sibs 

o 

165 

74 

92.4 

- 6.2 

-0.07 

> 0.05 


3 

246 

118 

103.4 

28.5 

0.22 

< 0.01 


Total 

549 

255 

107.0 

12.4 

0.10 

< 0.05 

Full-sibs 

1 

44 

22 

67.9 

- 4.7 

-0.07 

> 0.05 


o 

77 

35 

68.6 

46.9 

0.41 

< 0.01 


3 

160 

64 

70.0 

36.1 

0.34 

< 0.01 


Total 

281 

121 

69.3 

33.0 

0.32 

< 0.01 


* A = Variance within sires, within dams, or within sets of parents. 

B = Additional variance due to differences between sires, between dams, or between 
sets of parents. 


The number of individuals, the number of sire groups, the A and B 

portions of the variance, and the intra-sire correlations ^ in each 

herd are listed in table 7. The correlations between the birth weights of 
paternal half-sibs within each herd were significant and the differences be¬ 
tween the correlations for different herds were not significant. When the 
data for the three herds were pooled, the intra-sire correlation was 0.11. 

The deduced intra-dam correlations for maternal half-sibs and full-sibs 
also are given in table 7. The correlation of 0.22 between maternal half-sibs 
in herd 3 was the only one of the three which was significant, but figures for 
the three herds did not differ significantly. When the data on the 255 dams 
were pooled on the intra-herd basis, the correlation between maternal half- 
sibs was 0.10, not significantly different from 0.11 calculated for paternal 
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half-sibs. The correlations between full-sibs were significant for two of .the 
herds, but they are subject to a large sampling error because of the small 
number of full-sib comparisons. 

,The analysis of covariance was used to obtain the intra-sire regression of 
offspring’s birth weight on dam’s birth weight. This regression of offspring 
on dam within groups of offspring by the same sire should eliminate most of 
the environmental contributions to the correlation between parent and off¬ 
spring. Regression is to be preferred to correlation in such data because 
the dams may have been a selected group with correspondingly lower vari¬ 
ance and consequently lower correlation but unaffected regression. 

The average birth weights and the intra-sire correlations and regressions 
of offspring’s birth weight on dam’s weight by herds are given in table 8. 


TABLE 8 

Average birth weights, and intra-sire correlations and intra-sire regressions of offspring ’s 
birth weight on dam’s birth weight by herds 


Herd 

No. of 

No. of 

Offspring 
av. birth 
weight 

Dam*s 
av. birth 
weight 


Intra-sire 


pairs 

sires 

r 

b 

Prob. 

1 

20 

5 

(lbs.) 

95.0 

(lbs.) 

105.1 

0.52 

0.64 

e 0.03 

2 

34 

3 

81.0 

87.6 


0.61 


3 

107 

5 


92.4 

EmI 

0.30 


Total .. . 

161 

13 



0.34 

0.40 

<0.01 


The variations in regression coefficients from herd to herd were not signifi¬ 
cant. When the data for all herds were pooled, the intra-sire regression 
coefficient was 0.40, while the correlation coefficient was somewhat smaller, 
r = 0.34, due to the lower variance of the birth weights of the dams. 

The different estimates of the heritability of birth weights are given in 
table 9 by herds. The paternal half-sib correlation in a random breeding 
population would be expected to contain one-fourth of the additive genetic 
variance, some (probably one-sixteenth or less) of the epistatic variance, 
plus the environmental portion of the variance times the correlation between 
the environments of paternal half-sibs. The maternal half-sibs correlation 
is composed of essentially the same sources of genetic variance as paternal 
half-sibs, but it may be larger due to the maternal half-sibs having been ex¬ 
posed to a more similar prenatal environment. The correlation between 
full-sibs should contain one-half of the additive genetic variance, about one- 
fourth of the dominance deviations, some (probably one-fourth) of the epi¬ 
static deviation, and any common prenatal environmental effects; the intra- 
sire regression of offspring on dam should contain one-half of the additive 
genetic variance plus some (probably one-fourth) of the epistatic effects. 

Non-random matings would tend to make the preceding estimates of 
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TABLE 9 

Estimates of heritability (h*) of birth weights 


Derivation of M* 

Herd 

Total 

mm 

2 

3 

3.17 x paternal half-sib correlation. 


0.54 

0.54 


3.19 x maternal half-sib correlation . 

Hlffl 


0.70 

0.32 

1.88 x full-sib correlation ... 


6.77 

0.64 


2.00 x intra-sire regression offspring on dam 

1.28 

1.22 

0.60 



The correlation between two offspring by the same sire is: 

_ _V(1 + 2r, d + r dd ) ' 
r 0 o s — mrrz — -+ e ^e< 


4(1 + r td/3 ) 

between two offspring by the same dam is: 

h*(l + 2r #e j + r 88 ) 

Too - 


+ eV C( 


4(1 + Pfld/a) 

between full-sibs: 

r .. W(l+r Bd ) 

00 ~ 2(1 + r, d/a ) +e%0 

where rad is the correlation between genotypes of the mates of the sire, r 8 a is the geno¬ 
typic correlation between sire and dam, r 88 is the correlation between genotypes of the 
mates of the dam, e is the path for environmental factors common to the offspring, and 
r ee is the correlation between the environments affecting the sibs (19). The values for 
r 8 d , raa, and r 8e computed from these data were 0.130, 0.084, and 0.074, respectively. No 
estimates were made of e or r €e . 


heritability too high except for the intra-sire regression coefficients, which 
are not affected by deviations from random matings (9). 

The average of the estimates of h 2 for birth weight in table 9 is 0.60, with 
a 95 per cent fiducial range of 0.50 to 0.70. Apparently between 50 and 70 
per cent of the variation in birth weight of these calves was heritable after 
adjustment for sex of calf and calving sequence of dam. 


Inbreeding 

There were a total of 654 calves which had been weighed at birth, and 
whose dams had been measured after one or more calvings. These calves 
were sired by 21 bulls in the three herds. The inbreeding coefficients ranged 

TABLE 10 


Analysis of covariance of birth weights (6), inbreeding coefficients (i), and 
dam f s mature heart girth (h) 


Source of 
variation 

Degrees of 


Correlations 


Partial 

regression 

freedom 

n>< 

Uh 

rth 

bbi.h 

Total . 

Between sires. 

653 

20 

-0.125* 

0.018 

| 



Within sires . 

633 

-0.181* 

1 j 

0.0991 

-6.280* 


* P < 0.01, 
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from zero (318 calves) to 0.375—227 calves were inbred between 0.06 and 
0.17; 55 had a coefficient between 0.18 and 0.25; while the remaining 54 were 
inbred higher than 0.25. The average inbreeding of the offspring by each 
sire ranged from 0.03 to 0.17. 

The average effect of inbreeding on birth weight can be expressed by the 
intra-sire partial regression of birth weight on inbreeding percentage after 

adjustment for the linear regression of birth weight on dam's average ma- 

• 

TABLE 31 

Number of offspring , average inbreeding ( i ), average birth weight (b), average of dam ’s 
mature heart girth (h), and the partial regression of birth weight on inbreeding 
holding dam f s mature heart girth constant for £1 sires in three herds 


Sire 

No. of 
offspring 

Av. 

inbreeding 

Av. birth 
weight 

Av. mature 
heart girth 
of dam 

Partial 

regression 

bbi.h 

S . 

95 

0.03 

(lbs.) 

98.5 

(cm,) 

195 

-0.110 

c . 

118 

0.09 

89.9 

193 

-0.223 

B . 

51 

0.13 

90.2 

192 

-0.571* 

J . 

11 

0.12 

92.3 

194 

-0.088 

E . 

42 

0.17 

87.0 

188 

+ 0.139 

U . 

32 

0.13 

91.7 

189 

+ 0.399 

353 . 

34 

0.03 

81.2 

189 

-0.191 

405 . . . 

* 38 

0.05 

78.1 

192 

- 0.8231 

301 . 

57 

0.03 

84.4 

190 

- 0.073 

7003 . 

47 

0.08 

86.2 

188 

-0.168 

427 

16 

0.03 

82.1 

194 

+ 0.483 

1217. 

20 

0.07 

93.7 

196 

-0.342 

15 . 

13 

0.07 

96.7 

198 

-0.377 

M . .. 

21 

0.10 

99.8 

195 

- 0.4641 

1220 . 

9 

0.07 

95.3 

195 

-0.532 

1192 

16 

0.08 

101.2 

195 

-0.380 

1146 . 

23 

0.03 

97.4 

193 

+ 1.090 

1172 . 

9 

0.12 

102.7 

193 

-0.733 

1221. 

8 

0.13 

88.1 

190 

-0.517 

3250 . 

8 

0.10 

103.5 

190 

- 0.328 

1274 . 

6 

0.07 

100.5 

186 

+ 0.716 

Total .. 

633 




- 0.280* 


* P < 0.01. 
t P < 0.05 > 0.01. 


ture heart girth dimension (table 10). The non-significant correlation of 
birth weight and coefficient of inbreeding between sires indicates that aver¬ 
age birth weight of a sire’s progeny was not associated with the average in- 
breeding of the group, but the negative correlation and partial regression 
within sires shows that of the individuals in a sire group the inbred calves 
tended to be lighter at birth. The variation between sires in the influence 
of inbreeding on the birth weight of their calves is shown in table 11. These 
partial regression coefficients differed significantly between sires, ranging 
from - 0.823 to +1.090. Three coefficients were statistically significant; the 
others were no larger than expected from sampling errors. 







BIRTH WEIGHT VARIATION OF HOLSTEIN-FRIESIAN CALVES 495 

DISCUSSION 

The study of the influence of herd, sex, calving sequence of dam, and 
dam’s size (heart girth) showed significant contributions of each to the total 
variability in birth weight. The findings of heavier male than female calves, 
lighter calves from first calvings, and heavier calves from larger dams agree 
with other published results. 

Calving sequence of dam, independent of her size, was found to be 
slightly more important as a source of variation in birth weight than was 
her size (heart girth). Both factors probably influence birth weight 
through their effect either on rate of intra-uterine growth or on the length 
of gestation period. The records analyzed in this study did not include 
lengths of gestation period, but Knapp et al. (7) reported correlations be¬ 
tween calving sequence (0), weight of dam (TT), length of gestation period 
( G), and birth weight (B) as follows: 

Tcb ® 0.21 Tew = 0.31 

Twb ~ 0.22 Tcg = 0.06 

r GB - 0.55 Two ~ 0.001 

These correlations have been used in the following path coefficient scheme 
to estimate the paths through which calving sequence and weight of dam 
probably influenced birth weight. As before, the curved lines represent 
correlation, and the straight lines, path coefficients. Rate of growth (R) is 
represented as an alternative to length of gestation period ( G ) as an inter¬ 
mediate step between calving sequence (C) and birth weight (B). As 
pointed out by Wright (21), “Birth weight (B) is completely determined 
(in the mathematical sense rather than causally) by the prenatal growth 
curve and the age at which it is interrupted by birth.” The correlation 
coefficients, in terms of their component path coefficients, * furnish three 
equations; the formula for complete determination provides another. Solu¬ 
tion of these four equations leads to the values given in the diagram and 
to the following values for the two routes from calving sequence to birth 
weight: PbrPrc = 0.244* puc.pac = - 0.034 

Similarly for weight ( W) of dam: PbrPrw ® 0.220 psaPow = 0.001 



PATHS FROM CALVINS SEOUCNCC 
TO BIRTH WEIGHT 


PATHS FROM WEIGHT OF OAM 
TO BIRTH WEIGHT 
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Calving sequence and weight of dam seem to have exerted most of their 
influence on birth weight through their effect on intra-uterine growth rate. 
(PbrPbo = 0.244 vs. PboPoo *= - 0.034, and PerPkw = 0.220 vs. PboPow m 0.001) 
This is in agreement with the work of Wright (19) on guinea pigs and Lush 
et al. (10) on pigs in the sense that factors affecting birth weight, Buch as 
size of litter, calving sequence, and dam’s weight, seem to operate more by 
affecting rate of growth rather than by interrupting prenatal growth by 
birth at an earlier or later time. 

Correlations between related individuals were used to estimate herit- 
ability of birth weight. These correlations include differing amounts of 
covariance from additive gene effects, dominance deviations, epistasis, and 
environmental factors. The small numbers of observations and the re¬ 
stricted number of relationships available meant that the relative impor¬ 
tance of each of these components could not be estimated. It would appear, 
however, that the degree of heritability of birth weight from additive gene 
effects in these data is about 50 to 70 per cent. 

The influence of inbreeding on birth weight was small, but highly sig¬ 
nificant. The reduction in birth weight amounted to approximately 1 lb. 
for every 4 per cent increase in inbreeding. There was, however, a large 
amount of variation between sires in the influence of inbreeding on birth 
weights. This variation between sires could be caused by differences in the 
average birth weight transmitted by the different sires. Inbred calves from 
the sires transmitting heavy birth weights would tend to be heavier than 
outbred calves by the same sire, simply because the inbred calves are more 
closely related to the sire. Conversely, inbred calves would be lighter than 
outbred calves at birth for sires transmitting light birth weight. Thus dif¬ 
ferences in the average birth weight inheritance of the sire would cause the 
intra-sire regression of birth weight on inbreeding to vary from sire to sire 
more than would be expected by chance alone. The average intra-sire re¬ 
gression of birth weights on inbreeding represents the effect of increased 
homozygosity and indicates that dominance and perhaps gene interaction 
are involved in the action of the genes which influence birth weight. 

SUMMARY 

Data on Holstein-Friesian calves in three unrelated herds were analyzed 
to determine some of the causes of variation in birth weight and to compare 
the birth weight of inbred and outbred offspring by the same sire. 

The mean birth weights of 794 calves were 92.9 lbs. and 85.5 lbs. for the 
outbreds and inbreds, respectively. Male calves averaged 5.2 lbs. heavier 
than females and calves from “first calf” heifers were approximately 10 lbs. 
lighter than were calves from dams of later calving sequence. Herd dif¬ 
ferences accounted for about 22 per cent, sex for 7 per cent, and calving 
sequence for 14 per cent of the total variation in birth weight. Season and 
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year had little or no effect on birth weight. Approximately 60 per cent of 
the remaining variation in birth weight was due to the genotype of the calf. 

Birth weight declined an average of 0.28 lb. for each increase of one per 
cent inbreeding, with size of dam constant. The inbreeding effect varied 
significantly from sire to sire, apparently due to differences in the average 
birth weight transmitted by different sires. The inbred calves of sires trans¬ 
mitting heavy birth weights tended to be heavier than the outbred calves 
because of having more of their sires’ genes, which cancels, at least in part, 
the reduction in birth weight from increased homozygosity. 
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CHANGES IN MILK PRODUCTS “SHAM FED” TO CALVES. 
I. EFFECTS OF VOLUME OF MILK FED 1 


G. H. WISE,* P. G. MILLER,* and G. W. ANDERSON* 

Dairy Department, Sovth Carolina Agricultural Experiment Station, Clemson 

The functions of the secretions of the oral cavity and of the esophageal 
passage in the utilization of milk by the young calf have not been explored 
extensively. Preliminary observations of the effects of sham-feeding on the 
properties of whole milk suggested that the modifications were of such a 
nature as to expedite subsequent digestion (8). It was postulated that the 
magnitude of the alteration of the milk would be affected by the quantity 
of saliva contacted during ingestion. Furthermore, the amount of oral fluids 
mixed with the milk would depend on the rate of consumption and on the 
volume and constancy of salivary flow. 

The paucity of information on the role of saliva in the physiology of the 
nutrition of the calf prompted a study of the pre-gastric changes of milk 
ingested by calves of suckling age. Since the quantity of milk consumed 
and the system of feeding it are considered to be factors affecting the well¬ 
being of the calf, the effects of these factors and associated reactions on the 
degree of modification of the milk prior to its entering the stomach were 
investigated. 

EXPERIMENTAL 

Methods and Procedures 

Feeding procedures . Four rumen-fistulated calves (1), two Holsteins 
and two Guernseys, between 5 and 6 months of age were sham fed (8) mixed- 
herd pasteurized milk testing 4.2 per cent fat. In each of four series of 
feeding trials two calves of the same breed were sham fed consecutively, one 
from a nipple feeder and the other from an open pail. The system of feed¬ 
ing each calf was alternated from trial to trial to compensate for differences 
arising from individuality (8). In order to reduce the number of factors 
affecting the volume and the concentration of the oral fluids, the calves were 
changed to different surroundings shortly before feeding to minimize the 
effects of possible conditioned reflexes. A further standard measure fol¬ 
lowed was withholding feed and water for a period of 6 to 8 hours after the 
regular morning feeding. At the end of this time, the individual calves were 
sham fed 25 lbs. of milk (approximately five times the volume that would 

Beceived for publication May 1, 1947. 

i Technical paper no, 145, published with the approval of the Director of the South 
Carolina Agricultural Experiment Station. 

a Now with Department of Animal Husbandry, Iowa State College, Ames. 

3 Now with Besearch Laboratories, Carnation Co., Milwaukee, Wisconsin. 

4 Associate Animal Pathologist, South Carolina Agricultural Experiment Station. 
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be fed normally) in 5-lb. increments. The rate of consumption of each suc¬ 
cessive unit of milk was determined by means of a stopwatch. There were 
momentary interruptions between consumption of the consecutive units to 
add milk to the feeder pails and to change collecting receptacles. 

Determination of the properties of the milk. Sampling and analyses of 
the individual sham-fed units were initiated 20 minutes after the feeding. 
The properties determined on the milk samples, sham-fed and unconsumed 
(control), included: (a) lipolysis, (b) hydrogen-ion concentration, (c) rate 
of rennet coagulation, and (d) fat percentage. 

a. Lipolytic activity . The degree of lipolysis was determined in all the 
samples by the steam distillation procedure described by Roahen and Som¬ 
mer (6). For comparative purposes, lipolysis in samples from half the 
trials, two obtained using each feeding system, was estimated by determining 
the acid number (2) of the lipid material removed by Soxhlet extraction of 
45 to 50 g. of milk dehydrated by means of calcium sulfate. 

b. Hydrogen-ion concentration . This was measured by means of a Beck¬ 
man glass electrode pH meter. Frequent cleaning of the electrodes by 
immersion in dilute hydrochloric acid was necessary to avoid erratic readings. 

• c. Rennet coagulation time. The method used was essentially the same 
as outlined by Sommer and Matsen (7). The only modification of the pro¬ 
cedure was the employment of a temperature of 38° C. (approximately the 
body temperature of cattle) instead of the recommended 30° C. in the tem¬ 
pering bath. 

d. Fat percentage . The concentration of fat in the various samples of 
milk was determined by the aforementioned Soxhlet extraction procedure. 
Since the ether-extracted material included practically all the fat constitu¬ 
ents and saliva is assumed to be practically free of ether-soluble substances, 
the changes in the “fat percentages ’ 9 in the sham-fed units were used as a 
basis for calculating the degree of dilution resulting from sham feeding. 

RESULTS 

The curves in figure 1 represent averages of data from a series of four 
trials in which each calf was sham fed once by each of the two systems, pail 
and nipple. The results presented in figure 2 are from a series of two trials, 
involving one calf of each breed. 

As previously noted (8), sham feeding perceptibly altered the properties' 
of whole milk. Lipolysis apparently was the primary change as indicated 
by the titration values of fatty acids in the steam distillate (fig. 1A) and in 
the ether extracts (fig. 2A), both procedures yielding similar results. The 
presence of free fatty acids in the sham-fed samples was indicated further 
by the decreased pH values (fig. IB). The increased rate of coagulation by 
rennet (fig. 1C) seemed to bear a positive relationship to the changes in 
acidity, though other factors probably were involved in accelerating this 
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FIVE-POUND INCREMENTS OF MILK 

Fio. 1. Effect of volume of whole milk sham fed by open pail and nipple feeder, 
respectively, on the changes in acidity and in rate of rennet coagulation. 
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Fig. 2. Relation of changes in acidity in sham-fed whole milk to dilution in feeding 
and to rate of intake. 
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complex reaction. Moreover, the results arc in accord with previous obser¬ 
vations (8) showing that the degree of modification of the milk was greater 
when the nipple system of feeding was used than when the open pail was 
employed. This was especially marked in the first increments fed. 

The system of feeding also was a factor modifying the effects of volume 
of milk consumed on the magnitude of the changes (fig. 1A, B and C and 
fig. 2A). When the milk was pail fed, the lipotysis as indicated by acidity 
measurements was essentially the same in all the 5-lb. units; when the milk 
was nipple fed, the degree of lipolysis was greatest in the first portions and 
least in the last, the reduction being most pronounced in the first two incre¬ 
ments. After the consumption of the third 5-lb. unit, the extent of lipolysis 
tended to be similar for the two feeding systems. Though there was a 
general tendency for rennet coagulability to parallel the trends in acidity, 
the degree of change in rate of rennet coagulation from the first to the second 
increment of milk sham fed from the open pail was more marked than the 
corresponding change in acidity. The explanation for this pronounced 
acceleration of rennet coagulation is obscure. 

The specific factors involved in the modification of the properties of milk 
in sham feeding are not clearly indicated. Indirect evidence implicating 
saliva and/or other oral fluids and esophageal secretions in the lipolytic 
activity was derived from the positive relationship between the volume of 
fluids mixed with the milk in feeding (fig. 2B) and the associated lipolysis 
(fig. 2A). In nipple feeding the average percentage dilution ranged from 
15.3 for the first increment to 5.0 for the last, the trend revealing a close 
relationship with that for lipolysis. The degree of dilution and the extent 
of lipolysis in the first two increments of pail-fed milk were decidedly less 
than in the nipple-fed milk, but in subsequent units the magnitude of change 
from the two systems was similar. The range in average dilution of pail-fed 
milk was from 3.5 to 6.4 per cent, but the trends were erratic, tending to 
shovr a reciprocal relationship with the lipolytic changes. Since the vari¬ 
ations in percentage dilution were within the probable experimental error 
of the analytical procedures, this tendency toward a negative relationship 
with lipolysis probably was fortuitous. 

In comparing the results from the two systems of feeding, the rates of 
dilution in addition to degrees of dilution were considered. The rate of dilu¬ 
tion (fig. 2C) presumably was determined by the volume of secretions with 
which the milk came in contact, and this appears to have been modified by 
the rate of intake (fig. 2D). The rate of consumption was slow and uniform 
from the nipple feeder but rapid and erratic from the open pail, showing a 
marked increase after the second increment. The intake by drinking was 
from four to six times faster than by sucking. When the milk was sham fed 
from the open pail, the total amount of 25 lbs. was consumed in 1.4 minutes, 
resulting in a calculated dilution of 1.3 lbs. The same dilution, by weight, 
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resulted from the consumption of only 10 lbs. of milk from the nipple feeder 
but required 2.6 minutes. In spite of the divergent rates of dilution (fig. 
2C) and of intake (fig. 2D) by the two feeding systems, the degree of dilu¬ 
tion was essentially the same after the second 5-lb. increment. 

DISCUSSION 

Accrued evidence definitely indicates that marked lipolysis takes place 
in w r hole milk sham fed to calves ranging in age from 3 weeks (8) to 5 
months. The sources of these lipolytic agents remain obscure. Previous 
observations (8) led to the postulation that the enzymes involved are glandu¬ 
lar in origin. The close relationship between the degi’ee of dilution and the 
magnitude of lipolysis, particularly in the nipple-fed milk, suggests that 
saliva is a vehicle and/or an activating medium for the specific agents. Since 
saliva is defined as the mixed secretion of the three pairs of main salivary 
glands and the numerous small glands in the mucous membrane of the mouth 
(3), the origin of the lipolytic constituents is indefinite. 

Before saliva definitely can be implicated, additional evidence is neces¬ 
sary. If insalivation of milk is involved, as suggested, modification of the 
secretory processes should be reflected in lipolytic changes. Hence, a more 
direct approach through the study of the effects of various salivary stimu¬ 
lating and suppressing drugs on the degree of lipolysis in sham-fed milks is 
indicated'. The lipolytic activity of the secretions from the major salivary 
glands also merits investigation. 

If the quality and the amount of saliva secreted are adapted to the 
character of the food (3), the degree of dilution from sham feeding indicates 
that whole milk has the characteristics necessary to stimulate salivation. 
Though the specific glands involved are not indicated, Dukes (3) stated that 
in ruminants parotid secretion is continuous; however, Fomin (5) reported 
that milk usually depresses the activity of these glands in calves. Since the 
parotid glands are serous, the,type that has enzyme-producing cells (3), the 
degree of lipolysis observed in the sham-fed milk suggests stimulation instead 
of suppression. The lipolytic agents, possibly, may be discharged from 
other sources. 

If the assumption that the dilution is due primarily to saliva be correct, 
the rate of secretion varied with the system of feeding, with the volume of 
milk fed, and/or with time. When the milk was consumed from a nipple 
pail, the rate of intake from increment to increment was almost constant 
(fig. 2D); therefore, the degree and the rate of dilution (fig. 2B and C). 
should bear a close relationship to the rate of secretion. Thus it appears 
that as successive units were consumed by sucking, the volume of saliva de¬ 
creased. To the contrary, feeding from an open pail resulted in increases 
in rate of dilution (fig. 20) concomitant with accelerated intake (fig. 2D), 
thus suggesting increased salivation as additional amounts were consumed. 
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These results from the two systems of feeding appear to be discordant, but 
it is necessary to take cognizance of the time element. 

On a time basis the first 5-lb. increment sucked from the nipple feeder 
corresponded to the entire 25 lbs. drunk from the open pail. This leads to 
the postulation that the initiation of ingestion of milk stimulates the rate 
of salivation, which increases to a maximum followed by a gradual decline 
to almost a constant flow. In accordance with this theory the peak salivation 
from sucking probably w T as attained either in the first increment or the early 
part of the second; whereas a crest of salivary flow during drinking pre¬ 
sumably occurred in the third increment. Though there is some indication 
that sucking per se tends to stimulate salivation (8), this was not manifested 
in this study after consumption of the first unit of milk. It is possible that 
sucking stimulates the flow of saliva to the maximum quicker than does 
drinking. 

In modern dairy husbandry practices a calf would not receive more than 
30 lbs. of whole milk at one feeding. Since the differences between the two 
systems of feeding were most marked in the first two increments (10 lbs.) of 
sham-fed milk, theoretically the nipple feeder would have an advantage over 
the open pail. The increased dilution of milk by oral fluids, contrary to the 
results from aqueous dilution (4), seems to be associated with accelerated 
coagulation by rennet. It is possible that the degree of pre-gastric modifi¬ 
cation may be reflected in subsequent differences of digestion and utilization. 
The practical aspects of this problem merit further investigation. 

summary 

1. In a series of trials each of four calves was sham fed from nipple and 
open pails, respectively, 25 lbs. of whole milk in five successive 5-lb. units. 

2. Marked lipolysis, as manifested by increased acidity and concomitant 
acceleration of coagulation by rennet, was observed in whole milk that was 
sham fed to the calves. 

3. When the milk was sham fed from a nipple feeder, the alteration of 
the properties was greatest in the first portions fed and least in the last, but 
when fed from an open pail, the differences in magnitude of change in suc¬ 
cessive units were not marked except in rennet coagulability, which was most 
rapid in the second increment and less in subsequent units. 

4. Though the degree of change in the first increments was more marked 
when consumed by sucking than by drinking, the alterations were similar for 
both systems of feeding after the third increment. 

5. Lipolysis in the successive 5-lb. units closely paralleled the changes 
in degree of dilution, indicating that lipolytic agents were closely associated 
with the diluting medium. 

6. The rate of intake from the open pail was from four to six times more 
rapid than from the nipple feeder, but the differences in rates of dilution 
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were less, being approximately the same in the first increment but diverging 
in subsequent units. 

7. The system of feeding and/or the time factor affected the dilution of 
the milk as the volume of intake increased. 
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STUDIES ON THE SUSCEPTIBILITY OF CERTAIN CHEESE 
CULTURES TO THE ACTION OF BACTERIOPHAGE 1 - 2 

F. J. BABEL 

Iowa Agricultural Experiment Station, Ames 

Slow acid production during the manufacture of cheese has been encoun¬ 
tered occasionally by many eheesemakers. In most of these instances the 
duration of the period of slow acid production was not long and the mere 
introduction of another culture or a modification of the method of culture 
preparation remedied the difficulty. Factors other than bacteriophage prob¬ 
ably were responsible for the majority of these cases of slow acid production. 
Quite recently several outbreaks of slow acid production due to bacterio¬ 
phage have occurred. During these outbreaks eheesemakers attempted to 
control the difficulty by the use of methods that had eliminated slow' acid 
production when bacteriophage w r as not the causative factor. Generally, 
these control methods did not eliminate the slow acid production. 

Since outbreaks of slow r acid production definitely established as due to 
bacteriophage are of relatively recent origin in this country, few T articles have 
been published and the literature from foreign countries where difficulties 
with bacteriophage have been experienced is not readily available to many 
cheese manufacturers. 

HISTORICAL 

The importance of bacteriophage in relation to vitality of cheese cultures 
w r as brought out by Whitehead and Cox (8). These investigators stated 
that, from a practical point of view’, it is necessary to find some method of 
eliminating bacteriophage or employing an organism that is immune to its 
action. The isolation of cultures immune to bacteriophage appeared to be 
the best solution to the problem. Attempts w*ere made to produce bacterio¬ 
phage-resistant cheese cultures by isolating strains of Streptococcus cremoris 
from a culture after it had been attacked by bacteriophage and after second¬ 
ary growth had appeared (9). One culture prepared in this manner was 
resistant to low concentrations of the bacteriophage strain with which it was 
treated, but high concentrations would attack it. The process of immuniza¬ 
tion was repeated with another bacteriophage preparation and a third cul¬ 
ture isolated. It soon became apparent that this process of immunization 
\<ras not permanent. In addition to the appearance of more bacteriophages, 
the supposedly immune strains gradually lost their resistance to the bacterio¬ 
phage with w T hich they had been treated during the course of their isolation. 

Received for publication May 1, 1947. 
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Whitehead and Hunter (10) noted that a culture of streptococci which 
was attacked by bacteriophage ultimately showed growth with continued 
incubation. The streptococci which finally caused a clotting of the milk 
culture, although indistinguishable in most respects from the original strain, 
had a partial or complete resistance to the bacteriophage. Colonies grown 
from the resistant culture gave both lysogenic and non-lysogenic variants, 
which were both weak and strong acid producers in milk. These authors 
had hoped that the cultures, once having been resistant to bacteriophage, 
would be immune to sudden failure under commercial conditions. However, 
such cultures were just as susceptible to bacteriophage attack as the original 
culture. 

Nelson et al. (6) found that strains of Streptococcus lactis isolated from 
milk or whey that had soured naturally were not inhibited by any of the 
available bacteria-free filtrates containing bacteriophages which were active 
against other organisms of this group. However, they state that strains of 
bacteriophage which are active against these non-sensitive strains of S. lactis 
might be found if a larger number of bacteriophage strains from a greater 
range of sources was used. 

Whitehead and Hunter (11) proposed the use of a heavy inoculation of 
the bulk culture (1.0-1.6 per cent) for eliminating typical bacteriophage 
failures in cheese plants. They advanced the theory that the effect of the 
heavy inoculation in eliminating the spontaneous appearance of bacterio¬ 
phage was due to the more rapid growth of the streptococci when they were 
transferred to each new batch of milk, i.e., to the shortening of the lag period. 
They believed that bacteriophage tended to appear whenever the lag period 
was prolonged as a result of light inoculation, low incubation temperature, 
and aeration or aging of the milk medium. Later, these investigators (12) 
attempted to eliminate culture failures due to bacteriophage by three 
methods: (a) destruction of air-borne bacteriophage, (b) protection of cul¬ 
tures in the factory, and (c) preparation of the culture in a separate build¬ 
ing. The destruction of air-borne bacteriophage by spray treatment with 
disinfectants was exceedingly difficult, since the disinfectant had to be dis¬ 
tributed in a very fine state to be effective, and reinfection was continuous. 
Protection of the bulk culture by means of an airtight container, fitted with 
a small cotton-plugged opening through which the milk eouid be inoculated, 
limited the air-borne bacteriophage to an amount below that necessary to 
cause difficulty. The use of a separate building some distance from the 
cheese factory for the preparation of cultures appeared to be the only com¬ 
pletely satisfactory means for eliminating trouble. 

Anderson and Meanwell (1) state that many cheesemakers have adopted 
the policy of adding large quantities (up to 4 per cent) of culture to the 
milk intended for cheese in order to overcome slow acid production. This 
method frequently overcame the trouble, but manufacture of a good quality 
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cheese by this method was difficult. The use of another culture usually gave 
temporary or complete relief of slow acid production for the remainder of 
the season. These investigators isolated lactic streptococci from sour milk 
samples obtained from different parts of the country and used these freshly 
isolated cultures in combination with commercial cultures. The introduction 
of the recently isolated strains into the culture combination was effective in 
overcoming slow acid production for a short time, but after a period of 10 
days a condition resembling complete 44 pack up” (no acid production) was 
experienced. Experiments and experiences with single-strain cultures 
demonstrated the possible danger of their introduction into commercial 
plants. Reliance on multiple-strain cultures seemed more desirable, since 
the presence of a bacteriophage active against a single culture in a combi¬ 
nation of cultures results in a condition of slowness rather than “pack up”. 
A bacteriophage detection test based on the effect of bacteriophage in reduc¬ 
ing the activity of the culture was used. When this test was used at a 
creamery for an entire season, no serious outbreak of slowness occurred. 
Since all cultures condemned by the bacteriophage detection test were dis¬ 
continued immediately, it was difficult to produce absolute proof that the 
successful acid production of the cultures was due to the adoption of this 
system of control, but a study of the records provided direct evidence in 
support of this view. 

Nichols (7) states that the-secret of bacteriophage control is to insure 
that the bulk culture is free from bacteriophage contamination. When the 
bulk culture was free of bacteriophage, it was possible to make cheese even 
though bacteriophage was present in the cheese vats. However, when bac¬ 
teriophage was present and the cheese vats were filled more than once during 
the day, it was not always possible to control slowness completely because 
of the increase in bacteriophage concentration during the daj r . Methods 
suggested for the protection of cultures from bacteriophage included destruc¬ 
tion of bacteriophage in the factory, especially in the air, and preventing 
contamination of the milk, cheese vats, and other equipment. The author 
recommends that several cultures should be held in reserve and that these 
reserve cultures be selected so that no culture in the collection is susceptible 
to a bacteriophage attacking any of the others. The use of different cultures 
about which nothing was known was considered a dangerous practice. 

METHODS 

The methods employed for the preparation of bacteria-free filtrates from 
cheese cultures and whey, isolation of 8, lactis from cheese cultures, forma¬ 
tion of bacteriophage plaques, and sensitivity tests have been outlined previ¬ 
ously (3). 

Cultures employed in cheese manufacture. Cultures 99, HP, 146, 122, 
and N were from the regular collection maintained in the Dairy Industry 
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Department, Iowa State College. Culture W4 was a recent isolation from 
sour cream. Cultures 99, HP, and N were multiple-strain cultures, and 
146, 122, and W4 were single-strain cultures. 

Propagation of mother cultures . The mother cultures were propagated 
in the same manner previously described (2). These cultures were propa¬ 
gated in a laboratory located on the second floor of the Dairy Industry Build¬ 
ing. The cheese laboratory was located on the basement floor and some dis¬ 
tance to the rear of the laboratory used for inoculation and preparation of 
the mother cultures. 

Preparation of bulk culture . Skimmed milk was heated to 200° F. in a 
30 gallon stainless steel Cherry-Burrell univat. The milk was held at this 
temperature for 1 hour, cooled to 70° F., and inoculated with 0.5 per cent 
mother culture. Incubation of the bulk culture was for 16 hours at 70° F. 
The vat in which the ‘bulk culture was prepared was located in one of the 
cheese-manufacturing laboratories. Cheese was not being made regularly 
in this particular laboratory but it was being made in an adjoining labo¬ 
ratory. 

Purification of bacteria-free filtrates . Single-plaque isolations were made 
from petri dishes using as substrate cultures of S. lactis that were sensitive 
to the non-purified bacteria-free filtrates. A single isolated plaque appear¬ 
ing on the petri dish was touched with a sterile transfer needle and then 
transferred to a bottle containing sterile milk. The bottle was inoculated 
with a sensitive culture and incubated for 24 to 48 hours at 30° C. After the 
incubation period a bacteria-free filtrate was prepared. Sensitivity tests 
were made on this filtrate using cultures of known bacteriophage sensitivity. 
A portion of the filtrate (recently prepared from the single plaque isolation) 
was added to another bottle of sterile milk and inoculated with small quanti¬ 
ties of several cultures of known bacteriophage sensitivity. After incuba¬ 
tion for 24 to 48 hours at 30° C., another bacteria-free filtrate was prepared 
and used for the production of bacteriophage plaques, Another isolated 
plaque was picked from a petri dish and a bacteria-free filtrate prepared 
from it. If the two filtrates prepared by single plaque isolations showed the 
same bacteriophage sensitivity patterns, they were considered to be pure 
bacteriophage strains. 

EXPERIMENTAL 

When an outbreak of slow acid production due to bacteriophage occurred 
in the cheese-manufacturing laboratories of Iowa State College, an attempt 
was made to control the difficulty by using a culture which was not sensitive 
to the bacteriophage that had caused the previous culture to fail in acid 
production. At this time fourteen cultures were being transferred regularly 
in the Dairy Department. Several of these cultures were known to contain 
the same strain of 8 . lactis. The entire histories of certain of these cultures 
were known but with some of the others relatively little was known. Culture 
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no. 1 had been used in the cheese laboratory for a considerable period of time 
before it suddenly failed to produce acid satisfactorily. A bacteria-free fil¬ 
trate prepared from the whey of the vat in which slow acid production 
occurred showed the presence of bacteriophage which was active against all 
of the cultures being carried except five (99, HP, 146, 122, and N). The 
results obtained when these cultures were used in the manufacture of cheese 
are presented in table 1. 

Culture 99 was the first culture used; it produced acid satisfactorily the 
the first day, and bacteria-free filtrates prepared from the bulk culture and 
whey from the vat in w r hich this culture was used showed no bacteriophage 


TABLE 1 

Susceptibility of cheese cultures to the action of bacteriophage when used in a 
cheese plant experiencing difficulty with bacteriophage 


Date 

(1945) 

Culture 
employed 
in manu¬ 
facture 
of cheese 

Rate of acid 
production 
during 
manufacture 
of cheese 

Presence (+) 
or absence (—) j 
of bacterio¬ 
phage in bulk 
culture* i 

Presence or absence of bacterio¬ 
phage in a bacteria-frec filtrate 
of whey from the cheese vat 
when tested against cul¬ 
tures of S. lactis iso¬ 
lated from culture 

99 ! 

HP 

146 

122 

N 

W4 

March 21 

99 

Satisfactory 


_ 



_ 



March 22 

99 

Very slow 

X. 

+ 

_ 

_ 

_ 

_ 

_ 

March 23 

HP 

Rapid 

_ 

-+ | 


_ 

_ 



March 24 1 

HP 

Slow 

■+- 

+ 

+ 

__ 

„ ¥ 

_ 


March 25 

146 

Rapid 

- 

4- 

+ 

_ 



1 

March 26 

346 

Slow 


| 4. 

+ 

•I- 

_ 



March 27 

122 

Rapid 


+ 

+ 

+ 

+ 

_ 

ti , 

March 28 

122 

Slow 

-f 

T 

■f 

k 

+ 

_ 

__ 

March 30 

iT 

Satisfactory 


_ 


+ 



_ 

April 2 

N 

Satisfactory 


4- 


+ 

+ 

! + 

_ 

A pry 4 

X 

Slow 


+ 

+ 

+ 

; + 

+ 

_ 

April 16 

W4 

Rapid 

- 

_ 

_ 


_ 


_ 

July 12 

\V4 

Very slow 




1 ! 

- 

- 

+ 


* Bacteria-free filtrate tested against a series of cultures of S. lactis isolated from 
the mother culture used for inoculation of the bulk culture. 


activity toward any of the cultures. This culture also was used the following 
day and acid production by it was very slow. The presence of bacteriophage 
could be demonstrated in bacteria-free filtrates prepared from the bulk cul¬ 
ture and whey. Both filtrates were active only against culture 99. The 
following day culture IIP was used. Acid production by this culture was 
rapid and a bacteria-free filtrate prepared from the bulk culture showed no 
bacteriophage activity; the whey from the cheese vat showed bacteriophage 
activity against culture 99 but not against culture HP. The following day 
culture HP was used again. Acid development was slow and bacteria-free 
filtrates of the bulk culture and whey showed bacteriophage activity against 
culture HP. The bacteria-free filtrate of whey also showed the presence of 
bacteriophage active against culture 99. 
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Culture 146 produced acid rapidly the first day it was used and on the 
second day produced acid slowly. On the first day of use, bacteriophage 
active against cultures 99 and HP was present in the whey, and on the second 
day, bacteriophage active against cultures 99, HP, and 146 was present in 
the whey. Bacteriophage active against culture 146 was not present in the 
bulk culture on the first day this culture was used, but it was present in the 
bulk culture on the second day. Culture 122 was used after culture 146 had 
failed to produce acid; it produced acid rapidly the first day. The bulk 
culture was free of bacteriophage the first day, but a bacteria-free filtrate of 
the whey showed bacteriophage activity toward cultures 99, HP, 146, and 
122. Acid production by culture 122 was slow the following day and bac¬ 
teriophage active against this culture was detected in the bulk culture. A 
bacteria-free filtrate of the whey showed the presence of bactriophage active 
against cultures 99, HP, 146, and 122. Bacteriophage titres were deter¬ 
mined on this sample of whey, using cultures of 8. lactis of known bacterio¬ 
phage sensitivity that were isolated from cultures 99, HP, 146, and 122. The 
titres were 10 1 ,10" 1 , 10* 2 and 10 °, respectively. 

No cheese was made on March 29, and on March 30 culture N was used. 
It produced acid satisfactorily the first day and no bacteriophage active 
against culture N was demonstrable in the bulk culture; a bacteria-free fil¬ 
trate of the whey showed the presence of bacteriophage active against cul¬ 
tures 146 and 122. Cheese was not manufactured on March 31 or April 1, 
and culture N was used again on April 2. Acid production was satisfactory 
on April 2, and the bulk culture was free of bacteriophage active against 
culture N. However, the whey from the cheese vat contained bacteriophage 
active against cultures 99, HP, 146, 122, and N. No cheese was made on 
April 3, and on April 4 culture N produced acid very slowly. On this day 
bacteriophage active against culture N was detected in the bulk culture, and 
the whey from the cheese vat showed the presence of bacteriophage active 
against cultures 99, HP, 146, 122, and N. Bacteriophage titres on the bac¬ 
teria-free filtrate of the whey using cultures of S. lactis of known bacterio¬ 
phage sensitivity isolated from cultures 99, HP, 146, 122, and N were 10~ 7 , 
10 - ®, 10"®, 10~ 7 , and 10"®, respectively. 

On April 16 culture W4 was used in the manufacture of cheese. This 
culture was a single strain of 8. lactis isolated from a sample of sour cream. 
Culture W4 was not sensitive to any of the bacteriophage types that previ¬ 
ously were encountered. This culture produced acid rapidly and consist¬ 
ently in cheese manufacture for a period of approximately 3 months before 
it failed to produce acid due to the effect of bacteriophage. Culture Ml, also 
isolated from sour cream, produced acid satisfactorily for over 6 months and 
was discontinued in order to study other cultures. 

Several investigators (1,5) have stated that they prefer to use a multiple- 
Btra& cheese culture when difficulties are encountered with bacteriophage. 
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Since all strains hardly would be sensitive to bacteriophage, acid production, 
therefore, would continue at a slower rate rather than stop entirely, as would 
be expected with a cheese culture containing a single strain of 8 . lactis. 

Culture no. 1, which was employed in the cheese laboratory at the time 
slow acid production first occurred, was a multiple-strain cheese culture. It 
appeared desirable to determine what proportion of the strains in this cul¬ 
ture were sensitive to the bacteria-free filtrate, prepared from the whey of 
the vat in which slow acid production occurred, since acid production practi¬ 
cally ceased during cheese manufacture. This cheese culture was plated, 
and after sufficient growth had occurred fifteen colonies were picked from 
a section of the petri dish. The results obtained when these cultures were 
tested for bacteriophage sensitivity, using the bacteria-free filtrate prepared 

TABLE 2 


Separation of single bacteriophage strains from a bacteria-free filtrate 
composed of several bacteriophage strains 


Streptococcus 

lactis 

Activity of 
original 

Activity of filtrates prepared by single-plaque 
isolations from the original filtrate 

culture no. 

whey filtrate 

Type 10 

Type 1 

Type 4 

Type 2 

1 

+ 

- 

__ i 

4- 

4- 

2 

+ 

- 

4- 

- 

4- 

3 

+ 

- 

+ 

- 

4- 

4 

4- 

— 


4- 

4- 

5 

4- 

- 


4- 

- 

6 

7 

4- 

_ 

_ 

4- 


8 

9 

4- 

... 

_ 

4- 

4- 

10 

4- 

4- 

— 

- 

— 

11 

4 

- 

- 

+ 

- 

12 

4* 

- 

- 

+ 

4- 

13 

+ 

- 

— 

+ 

— 

14 

4- 

- 

- 

+ 

- 

15 

— 

— 

— 

— 

— 


from the whey of the vat in which slow acid production occurred, are pre¬ 
sented as a portion of table 2. Only three of the fifteen cultures selected 
for study were resistant to the action of the bacteria-free whey filtrate. 

It also appeared feasible to determine whether the bacteriophage activity 
of the whey filtrate was due to one bacteriophage strain or whether this fil¬ 
trate contained several bacteriophage strains. Single plaque isolations were 
made from petri dishes, using for plaque formation each of the strains of 
8. lactis which showed sensitivity toward the original whey filtrate. The 
data presented in table 2 show that four bacteriophage strains were present 
in the whey filtrate. One bacteriophage strain was active against only one 
of the fifteen 8 . lactis cultures, while the other bacteriophage strains were 
active against two, nine, and six of the fifteen 8 . lactis cultures. Since the 
purified bacteriophage filtrates exhibit distinct bacteriophage activity pat¬ 
terns, they are considered to be different bacteriophage types. 
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The fifteen cultures of 8 . lactis isolated from cheese culture no. 1 have 
been transferred regularly in tubes of litmus milk for a period of more than 
2 years. These cultures have been tested for bacteriophage sensitivity 
against a number of bacteria-free filtrates prepared from whey or cheese 
culture obtained from plants experiencing difficulty with slow acid produc¬ 
tion in cheese manufacture. At the present time ten bacteriophage types 
which are active against some of these fifteen cultures have been isolated and 
purified. The activity patterns of these bacteriophage types are presented 
in table 3. 

TABLE 3 


Action of purified bacteria-free filtrates containing bacteriophage on cultures of 
8. lactis isolated from a multiple-strain cheese culture 



Bacteriophage types have been isolated which are active against fourteen 
of the fifteen cultures of S. lactis. Culture no. 15 is not sensitive to any of 
the bacteriophage types. 8. lactis culture no. 8 is sensitive to only one type, 
culture no. 10 to two types, and culture no. 7 to three types of bacteriophage. 
The remainder of the cultures are sensitive to from five to seven bacterio¬ 
phage types. On the basis of the bacteriophage activity patterns, it appears 
that the fifteen S. lactis cultures isolated from the multiple-strain cheese 
culture represent ten distinct strains of 8. lactis. Cultures 2 and 3 have the 
same sensitivity pattern, as do cultures 4 and 12, and cultures 5, 6,11, and 13. 
Cultures 1, 7, 8, 9,10,14, and 15 all are different. 

DISCUSSION 

In the trials involving the use of various cultures in the manufacture of 
cheese (table 1), slow acid production was not evident during the manufac¬ 
ture of cheese unless the bulk culture was contaminated with bacteriophage. 
These results tend to confirm the results of Nichols (7), who noted that when 
the bulk culture was free of bacteriophage, it was possible to make cheese 
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even though bacteriophage was present in the cheese vats. When the bulk 
culture is free of bacteriophage, only slight contamination is expected to 
result from the equipment and air, provided that the equipment has been 
washed and sterilized properly. However, if the equipment is not washed 
and sterilized properly, sufficient contamination may result to cause slow 
acid production in the cheese vat. Johns and Katznelson (4) were able to 
cause complete cessation of acid development in a cheese vat by using a cul¬ 
ture which was free of bacteriophage and contaminating the milk by placing 
some bacteriophage on a rake used for stirring. 

Although the cultures selected for cheese manufacture were not sensitive 
to the bacteriophage types which previously had caused slow acid production, 
only 1 or 2 days were required for the culture to develop sensitivity toward 
bacteriophage. Cultures recently isolated from sour cream required a con¬ 
siderably longer period before they developed bacteriophage sensitivity. 

When cheese was made on March 24, bacteriophage present in the whey 
was active against cultures 99 and HP. This does not indicate that cultures 
99 and HP are sensitive to the same types of bacteriophage. Since culture 
99 was used on 2 previous days and bacteriophage active against this culture 
was present, the bacteriophage active against culture 99 may have gained 
entrance to the vat from equipment or air contamination. On March 30, the 
bacteria-lree filtrate prepared from the whey did not show bacteriophage 
activity against cultures 99 or HP. Probably sufficient time had elapsed to 
cause dilution of these bacteriophage types and they were not detected. The 
bacteriophage type which was active against culture N appeared to be active 
against all of the other cultures. 

The results j)resented in table 2 show that three of the fifteen cultures 
studied were resistant to the bacteriophage type which caused the slow devel¬ 
opment of acid. By calculation it would be expected that one-fifth as much 
acid would be produced in the cheese vat; however, acid development practi¬ 
cally ceased. It should be emphasized that all strains of 8 . lactis in a multi¬ 
ple-strain culture do not produce acid at the same rate. The cultures of 
8 . lactis selected for study were obtained from a bacteriophage-free mother 
culture. The distribution of the various strains may be quite different in 
the bulk culture after it has been contaminated with bacteriophage. 

Table 3 shows that one culture of S. lactis was resistant to all of the 
bacteriophage types isolated to date. Although the culture is resistant, it 
produces lactic acid very slowly and thus would not be suitable as a single¬ 
strain cheese culture. 

SUMMARY 

During an outbreak of slow acid production in cheese manufacture due 
to bacteriophage, an attempt was made to control the difficulty by the use 
of cultures that were not sensitive to the bacteriophage types responsible for 
the outbreak. These cultures had been carried in the regular culture collec- 
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tion. The five cultures selected for study developed sensitivity to bacterio¬ 
phage after being used in the manufacture of cheese for 1 or 2 days. 

One culture (W4) isolated from sour cream produced acid rapidly in 
cheese manufacture for approximately 3 months before it developed sensi¬ 
tivity toward bacteriophage. Culture Ml, also isolated from sour cream, 
produced acid satisfactorily for more than 6 months; at the end of this 
period it was not sensitive to bacteriophage. 

Multiple-strain cheese cultures may fail as completely as single-strain 
cultures to produce acid. Four distinct types of bacteriophage were recov¬ 
ered from a sample of whey taken, from a vat in which a multiple-strain 
culture was used and in which there had been complete cessation of acid 
production. 

Ten bacteriophage types which are active against one or more of fifteen 
cultures of 8 . lactis isolated from a multiple-strain cheese culture were iso¬ 
lated from various plants experiencing difficulty with slow acid production. 
The bacteriophage types were differentiated by means of their bacteriophage 
activity pattern. 
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Ml Application of the Phosphatase Test to Various Dairy Products. 

George P. Sanders and Oscar S. Sager, Division of Dairy Research 
Laboratories, Bureau of Dairy Industry, Agricultural Research 
Administration, U. S. Department of Agriculture. 

An improved modification of the phosphatase test, for application to 
Cheddar cheese and to fluid milk, was described by the writers in the Novem¬ 
ber, 1946, issue of the Journal of Dairy Science. As a result of further 
research, this test recently has been found reliable for detecting under¬ 
pasteurization in cream, ice cream, sherbet, chocolate drink, butter, sweet 
buttermilk, cultured buttermilk, most of the principal varieties and kinds 
of cheese, and cheese whey. 

The chemical principles of the test are the same for all dairy products. 
The optimal pH for the activity of the enzyme in the test has been found to 
be 10.0 to 10.05, and the optimal pH for development of indophenol blue 
color with a minimum of off-color interference has been found to be 9.3 to 9.4. 
Some of the different products have different buffering capacities, and the 
buffering capacities of the various cheeses increase during curing. Modifi¬ 
cations, therefore, have been made in the concentration of the barium borate- 
hydroxide buffer to provide optimal enzymic activity in testing each product. 
Corresponding modifications have been made in the type and concentration 
of the zinc or zinc-copper protein precipitant in order to yield clear filtrates, 
promote complete color development, and minimize off-color interference. 

The test is more sensitive than earlier tests and, by means of a dilution 
method used in developing and determining the amount of blue color, has 
been made quantitative for all the dairy products mentioned. 

Production of phosphatase by microorganisms growing on the surface 
of some soft and semi-soft ripened cheeses— e.g., Limburger, Liederkranz, 
and Camembert—has been encountered and this complicates an evaluation 
of the results of pasteurization. In most of these instances this effect has 
not been great enough to cause “false positive” results when the samples 
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have been taken carefully from the center of the cheese by a method espe¬ 
cially designed to prevent contamination of the sample. To date, no “false 
positives” have been encountered in testing samples of cream and butter in 
storage. 'All tested samples of process cheese and spreads made commer¬ 
cially have been found to be negative. 

M2 Time-temperature Conditions Required to Inactivate Phosphatase 
in Different Dairy Products. Georoe P. Sanders and Oscar S. 
Sager, Division of Dairy Research Laboratories, Bureau of Dairy 
Industry, Agricultural Research Administration, U. S. Department 
of Agriculture. 

A laboratory pasteurizer was used, comprising a metal coil 30 feet long 
and J-inch internal diameter with a metal holding chamber at the end. The 
coil was immersed in a water bath, the temperature of which was controlled 
thermostatically with a variation not greater than ± 0.1° F. In heating 
fluid products, a 25-ml. sample was forced into the coil under pressure. The 
temperature of the sample increased to that of the bath in not more than 4 
seconds. The holding time at the bath temperature was controlled with an 
error not greater than ± 3 seconds. Cheese samples (3 g.) were ground and 
placed in heat-sealing metal foil envelopes, which were squeezed to a thick¬ 
ness of 1 mm., sealed, and immersed in the bath. The time required for the 
temperature of the sample to reach that of the bath at 150° F. was not more 
than 18 seconds, as determined with a thermocouple. 

Phosphatase test data for samples heated at any specific temperature for 
various periods of time show that the rate of destruction of the enzyme by 
heat is very rapid at first and diminishes to a relatively very slow rate with 
time. The experimental data for phosphatase destruction show that, in tests 
on milk and other fluid dairy products, a straight line results when the loga¬ 
rithms of the times of heating are plotted against the corresponding tem¬ 
peratures. 

Holding periods required in this test to reduce phosphatase activity to 
two units per 0.5 ml. of whole milk were: 37 minutes at 143°, 30 minutes at 
143.6°, 24 seconds at 160°, and 15 seconds at 161.7° F., respectively. The 
temperature required to produce a negative phosphatase test in any given 
time generally was found to be about 0.7° lower for skim milk than for whole 
milk, about 0.7° higher for 20 and 40 per cent cream than for whole milk, 
about 4.5° higher for ice cream mix than for whole milk, and about 5.7° 
higher for sherbet than for whole milk. The time required, at 143° F., was 
about three times as long for ice cream mix as for whole milk. 

. Results of a large number of tests on milks heated under controlled con¬ 
ditions and on cheese made from milks similarly heated indicate that maxi¬ 
mal values of two units per 0.5 ml. for milk and three units per 0.25 g. for 
most kinds of cheese are suitable as criteria for pasteurization. Phosphatase 
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was inactivated at considerably lower temperatures and shorter holding 
times in Cheddar cheese than in milk— e.g., at 130° F. in 13 minutes and at 
140° F. in slightly less than 0.5 minute in cheese at pH 5.29. Mixing alkalies 
with the cheese to increase the pH had some effect in stabilizing the enzyme 
against heat. Adding emulsifiers had a greater effect, as the temperature 
required to produce a negative test in approximately 0.5 minute was 150° F. 
when 1.5 per cent anhydrous disodium phosphate was added and the pH of 
the mixture was 5.56. 

M3 Determining the Germicidal Potency of Quaternary Ammonium 
Compounds and Their Use in Dairy Sanitation. W. S. Mueller, 
D. B. Seeley, and E. P. Larkin, University of Massachusetts. 

A procedure for evaluating the germicidal properties of quaternary 
ammonium compounds is given. While the method basically is not new, 
it involves the use of newer procedures, such as the use of a hand homogen- 
izer and the spectrophotometer. This method appears to give a truer picture 
of the germicidal potency under actual working conditions than is given by 
the phenol coefficient values as determined by the Food and Drug Adminis¬ 
tration method. 

Organisms like Escherichia coli, Staphylococcus aureus, thermophilic 
types, and the vegetative cells of Bacillus cereus readily were killed by 
quaternaries. While quaternaries appeared to have no greater germicidal 
effect on spores of B. cereus and thermoduric types than older types of 
germicides, they were highly bacteriostatic to sporeformers. 

Approximately 0.3 per cent of either cow manure or nonfat milk solids 
produced the first significant decrease in germicidal potency of a 200 p.p.m. 
quaternary solution. When this concentration of quaternary was used as 
an udder wash under normal conditions, approximately 30 to 40 cows could 
be washed before the germicidal potency of the solution decreased to a point 
where a fresh solution was needed. No chapping or cracking of udders, 
teats, or milkers’ hands was noted when this concentration of quaternary 
was used. 

Metal parts of dairy equipment, when properly washed, were effectively 
sanitized by the use of 200 p.p.m. of quaternary. However, as much as 400 
p.p.m. was not effective in sanitizing the rubber inflation tubes of teat cups 
between each cow milked when the cups were dipped rapidly in and out of 
the solution. A quaternary spray treatment for milk cans showed a signifi¬ 
cant reduction in counts. Dual-purpose powders such as cleaner-sanitizer 
combinations appear to have considerable merit. 

M4 Effectiveness of Hypochlorite and Quaternary Ammonium Germi¬ 
cides in Destroying Streptococcus agalactiae in a Mastitis Sani- 
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tation Procedure. K. R. Spurgeon, P. R. Elliker, W. J. Harper, 
and J. R. Froedge, Department of Dairy Husbandry, Purdue 
University. 

A study was made of the comparative bactericidal activity, in various 
concentrations, of a number of germicides representing both hypochlorite 
and quaternary ammonium compounds. The most rapidly acting sodium 
hypochlorite and quaternary ammonium compounds were selected for further 
comparison of effectiveness in destroying Streptococcus agalactiae on teats 
and Str. agalactiae and Staphylococcus aureus on milking machine teat cups. 
Preliminary trials with inhibitors to stop germicidal action after prescribed 
periods of exposure indicated that sterile skim milk effectively neutralized 
the small residual of germicide remaining in experiments with teats and teat 
cups with both types of compounds. 

Germicides applied to teats which had been inoculated with a suspension 
of Str. agalactiae did not eliminate all organisms present, but did destroy 
about 90 per cent of those that would have remained after ordinary rinsing 
of the teats with a non-germicidal solution. There was no pronounced dif¬ 
ference in the effectiveness of the two types of germicides. Effectiveness of 
germicides was reduced markedly when old teat cups with surface breaks 
and cracks were used. Staph, aureus exhibited definitely greater resistance 
to both types of germicides than Str. agalactiae when inoculated onto teat 
cups. 

The effectiveness of both germicides was increased by prerinsing teat 
cups in water to remove organic matter before treating with germicidal 
solution. The rinsing effect of the germicidal solution also removed large 
numbers of organisms from teat cups. Dipping teat cups in a germicidal 
solution at 51.7° C. was slightly more effective than dipping in a solution 
at 21.1° C. 

Because of the possibility of contaminating teat cups from the rinse 
water commonly used to remove milk solids before dipping them in a germi¬ 
cidal solution, trials were carried out to determine the advantage of using 
a germicidal solution for this prerinse. Successive dipping in two germi¬ 
cidal solutions in most cases was more effective in destroying organisms on 
teat cups than dipping in plain water followed by a germicidal solution. 

When the numbers of Str. agalactiae in sterile milk inoculated onto teat 
cups were high, (e.g., more than 200 per teat cup), a number of cells usually 
survived successive dipping of the teat cups in a germicidal solution at 
21.1° C., followed by one at 51.7° C. However, when the number of organ¬ 
isms inoculated onto teat cups was low (.e.g., less than 50 per teat cup), it 
usually was not possible to recover Str. agalactiae by means of sterile swabs 
after teat cups were treated with two successive dippings of either hypo¬ 
chlorite or quaternary ammonium germicidal solution. 
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M5 The Resazurin Reductase Test Using Prepared Sterile Dry Vials. 

N. S. Golding, State College of Washington. 

The use of the resazurin reductase test for the bacterial quality of milk 
has increased steadily in recent years. Its great advantage over the methyl¬ 
ene blue test is its greater flexibility and speed. The operation of the 
resazurin test in a factory where no trained bacteriological worker is avail¬ 
able meets with certain difficulties associated not with the basic principle 
of the test but rather with its operation. 

By experimentation a method using 3-dr. screwcapped vials, each con¬ 
taining 0.05 mg. of dry resazurin, was developed to overcome most of the 
objections to the mechanics of the test under plant conditions. The method 
of preparing the vials is as follows: (a) Arrange the clean 3-dr. vials in shelf 
metal trays 10 vials wide, (b) Sterilize in steam at 15 lb. for 5 minutes, 
(c) With a dispenser consisting of 10 1-ml. hypodermic syringes, fill 10 vials 
at a time with 1 ml. each of a 0.005 per cent resazurin solution prepared with 
sterile distilled water, (d) Return the trays to the autoclave and sterilize 
at 5 lb. steam pressure for 5 minutes, (e) Change valves on autoclave to 
operate as a vacuum drying oven, and inspect the vials in each tray over a 
white surface, (f) Complete the drying in vacuum and allow the vials to 
cool, (g) Cap with dry sterile caps and pack 1 gross per box. 

The capped vials containing sterile dried resazurin have been kept more 
than 6 months and may be used at any time during that period. Any deteri¬ 
oration of the resazurin in these vials has not been noted and even considera¬ 
ble exposure to light does not appear to affect the resazurin. Using a 
modified rack for the vials, a Marschall methylene blue constant temperature 
water bath, and a suitable sampling dipper, all the resazurin test is done 
directly on the receiving platform as the milk is received. 

It is not claimed that the resazurin test using prepared sterile dry vials 
is in any way basically different from the widely used standard method for 
operating this test. However, after using vials containing dry sterile 
resazurin in a factory during the last 2 years, it definitely is concluded that 
the method is rapid, sound, and economical, and gives more uniform results. 
Where operators of the test have liftle or no bacteriological and chemical 
training, the results still should be reliable. 

M6 Some Observations on the Inversion of Sucrose by Invertase. L. E. 

Mull and L. R. Arrington, Florida Agricultural Experiment 

Station. 

An experiment was conducted to determine some of the factors affecting 
the inversion of sucrose by invertase. The variable factors studied were 
concentration of sucrose solution, pH of sucrose solution, concentration of 
enzyme, temperature, and time required for inversion. The effects of these 
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factors were measured by determining the amount of sucrose inverted. In 
order to ascertain whether' or not these factors might affect the amount of 
dextrose and levulose formed, the percentage of each of these also was 
determined. 

Sucrose solutions at concentrations of 55 and 65 per cent were acted upon 
by invertase concentrations of 15, 20, 30, and 40 mg. per 1,000 g. of sucrose 
for periods up to 156 hours. The pH values tried were approximately 3.5, 
4.5, 5.5, and 6.5. The temperatures employed were 45, 55, and 65° C. 

From the data obtained, the following observations were made: (a) The 
sucrose concentration of 55 per cent was inverted at a more rapid rate than 
the concentration of 65 per cent, (b) Hydrogen-ion concentration in the 
range of pH 4.5-5.5 permitted the most rapid inversion, while at pH 3.5 
inversion progressed more slowly and the rate of inversion was slowest at 
pH 6.5. (c) The rate of inversion increased proportionately as enzyme con¬ 

centrations were increased from 15 to 40 mg. per 1,000 g. of sucrose, (d) 
The optimum temperature for inversion appeared to vary with pH. At 
65° C. pH 4.5-5.5 resulted in the most rapid rate of inversion, (e) Inversion 
was most rapid during the first portion of the inversion period and steadily 
declined as inversion continued. Inversion was not considered complete 
until about 156 hours, (f) The ratio of dextrose to levulose varied very little 
from 1.2 to 1. 

M7 Observations on the Microscopic Analysis of Raw and Pasteurized 
Milk. G. H. Watrous, Jr. and F. J. Doan, Department of Dairy 
Husbandry, Pennsylvania State College. 

Bacterial clump counts obtained with a modified microscopic procedure 
and an altered stain and staining technique were compared with standard 
plate counts, using 32° F. incubation, on 406 samples of milk before and 
after laboratory pasteurization. The samples studied represented producers 
shipments as received at a milk plant during all seasons of the year. The 
direct microscopic modifications consisted of the use of less methylene blue 
and acetic acid in Newman-Lampert formula no. 2 stain, coupled with slight 
changes in the preparation of the stained smear, and the use of a ‘‘strip 
counting” technique similar to that advocated by Levowitz. With* these 
alterations, more certain recognition and counting of bacteria and bacterial 
clumps was possible. 

With raw milk the results obtained indicate a relationship approaching 
s 1:1 ratio between bacteria counts obtained with this direct microscopic 
procedure and the standard plate method, the correlation being closer and 
more definite with high count milk than with low count milk, as would be 
expected. 

There is no significant relationship between the microscopic clump count 
employed and the standard plate count of bacteria in fresh laboratory- 



FORTY-SECOND ANNUAL MEETING 


523 


pasteurized milk. Non-viable organisms apparently are capable of stain 
retention to a varying degree, undoubtedly influenced by the microflora of 
the individual sample. 

Microscopic clump counts on fresh laboratory-pasteurized milk are con¬ 
siderably lower than those obtained prior to pasteurization, indicating that 
many cells destroyed by pasteurization are not capable of being stained. 
Little correlation exists between these counts on low count milk samples, but 
the relationship improves as the bacterial population increases. In practi¬ 
cally all cases where the microscopic count of the raw milk sample is objec¬ 
tionably high, a similar count after pasteurization also is higher than can be 
considered satisfactory, indicating that the microscopic analysis of pasteur¬ 
ized milk, by the procedures used, has value in detecting bacterial inferiority 
in the raw milk used for pasteurization. 

M8 An Activity Test for Cheddar and Cottage Cheese Starters. B. E. 

Horrall and P. R. Elliker, Department of Dairy Husbandry, 

Purdue University. 

Studies on slow acid development in the manufacture of Cheddar cheese 
demonstrated the necessity in a plant starter program for a simple, accurate 
test to determine the activity of starter cultures under conditions simulating 
those in the cheese vat. The following method was developed to fulfill 
these requirements under practical conditions. 

The milk was prepared by reconstituting high grade, spray-dried, nonfat 
milk solids in distilled water at. the rate of 10 g. of milk solids per 90 ml. of 
water. This milk was sterilized in Erlenmeyer flasks at 15 lb. pressure for 
10 min. Ten-milliter quantities of the reconstituted skim milk were pipetted 
into sterile screw-top test tubes and adjusted to 37.7° C. in a water bath. 
Each tube was inoculated with 0.3 ml. of the starter culture to be tested 
and incubated at 37.7° C. for 3.5 hr. At the end of the incubation period 
the entire contents of the tube, together with 5 ml. of distilled water used to 
rinse the tube, were titrated with tenth normal sodium hydroxide to a faint 
pink color, using phenolphthalein as indicator. The results were recorded 
as per cent lactic acid. This figure was termed the activity factor of the 
culture. 

The data obtained indicated that in most cases low activity in starter 
cultures could be detected by this method before it became evident in the 
form of slow acid development in the cheese vat. Starter cultures that de¬ 
veloped sufficient acid to yield a titratable acidity of 0.40 per cent or higher 
in the activity test resulted in cultures that were active in the cheese vat, 
providing bacteriophage, overheating in the vat, poor milk quality, or other 
abnormal factors were eliminated. Starter cultures with an activity factor 
of 0.30 to 0.85 were found to develop acid very slowly in the cheese vat. 
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A starter with an activity factor of less than 0.30 invariably developed 
little or no acid during the cheese manufacturing process. 

This test or an earlier modification of it has been used daily for more 
than 2 years in four plants and for lesser periods in several others. It has 
proved a valuable aid in reducing incidence of slow acid production in the 
Cheddar cheesemaking process. 

M9 Special Cultures for Manufacture of Blue Cheese from Pasteurized 
Milk. C. E. Parmelee and F. E. Nelson, Dairy Industry Section, 
Iowa Agricultural Experiment Station. 

A study was made of some possible means by which Blue cheese could 
be made from pasteurized milk and still develop the flavor characteristic of 
Blue cheese made from raw milk. 

The addition of cultures of the lipolytic organisms Achromobacter lipo- 
lyticum, Alcaligenes lipolyticus, and Pseudomonas fragi to milk did not in¬ 
crease fat breakdown and flavor development in Blue cheese but sometimes 
resulted in unnatural, musty, and unclean flavors. Cultures of Mycotorula 
lipolytiea added to pasteurized milk increased fat hydrolysis and improved 
the flavor of Blue cheese. The amount of improvement varied with different 
strains of the organism. 

Eight strains of mold of the Penicillium roqueforti type were used in 
Blue cheese made from pasteurized milk. No strain was found to be espe¬ 
cially suited to that type of cheese. 

A mold-enzyme preparation, made by the growth of P. roqueforti on a 
modified Czapek’s medium low in carbohydrate and high in butterfat, was 
added to the milk for Blue cheese. From 0.05 to 0.25 per cent of the prepa¬ 
ration resulted in a desirable level of fat hydrolysis and flavor development 
in the cheese after curing for 12 weeks. Some strains of mold were more 
suitable for making this preparation than were others. 

Total volatile acidity was found to be quite closely correlated to flavor 
score of the cheese. Cheese with total volatile acidities in the range in which 
30 to 55 ml. of 0.1 N sodium hydroxide were necessary to titrate the volatile 
acids in the first 1,000 ml. of steam distillate from 200 g. of cheese generally 
had the highest flavor score. * 

M10 Lipase Production by Mycotorula lipolytiea. 1.1. Peters and F. E. 
Nelson, Dairy Industry Section, Iowa Agricultural Experiment 
Station. 

The production of lipase by M. lipolytiea was enhanced by growing the 
organism at 30° C. in nutrient broth containing 0.05 per cent glucose and 
buffered at pH 4.5 with disodium phosphate and citric acid (0.225m). 
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Lipase activity was determined by adding 1 ml. of culture or cell-free 
filtrate to 50 ml. of an emulsion of 5 per cent butterfat in 0.25 per cent agar 
(containing 1:1500 formaldehyde) and incubating at 37° C. for 48 hours. 
To a 10-g. portion of incubated emulsion was added 25 ml. of neutral 95 per 
cent ethyl alcohol and 25 ml. diethyl ether, and the mixture titrated with 
N /20 potassium hydroxide in methyl alcohol, using phenophthalein as indi¬ 
cator. The lipase activity was expressed in acid degrees. 

The yeast lipase was active over the pH range from 4.0 to 8.0, with the 
optimum at pH 6.2-6.5. When incubation periods extended beyond 48 
hours, incubation temperatures of 28-33° C. resulted in greatest activity. 
Higher incubation temperatures resulted in a gradual inactivation of the 
enzyme, which was very pronounced at 48° C. and above. 

The lipase-active substance was concentrated successfully b}' lyophilizing 
the culture, by use of the foam-adsorption procedure at pH 4.0, and by salt¬ 
ing out with saturated ammonium sulfate. Salting out at 5° C. resulted in 
a more active precipitate than at 25° C. 

Blue cheese made from pasteurized, homogenized milk to which was 
added cell-free filtrate of 2-day-old cultures resulted in greater fat hy¬ 
drolysis and better cheese flavor than the uninoculated control. Lipase 
added in quantities to give volatile acidity titration values of 40-50 ml. 
JVyiO sodium hydroxide per 200 g. of steam-distilled 12-week-old cheese was 
found most satisfactory. Higher values resulted in an excessively sharp 
and soapy taste. 

The lipase of M. lipolyiica offers possibilities for use in the production 
of Blue cheese from pasteurized milk. 

Mil The Vapor Pressure-Moisture Relationships of Dry Milk Products. 

R. W. Kunkel and S. T. Coulter, Dairy Division, University of 
Minnesota. 

The water content-relative vapor pressure relationships of dry milk 
solids-not-fat, dry whole milk, dry ice cream mix, and various spray dried 
systems of milk constituents were studied. The relative vapor pressure of 
water over these products plotted against the water content gives S-shaped 
sorption isotherms such as are typical of a wide variety of materials. 

Other work at this Station has demonstrated certain relationships that 
exist between the water content and the rates of deterioration during storage 
of dry whole milk and dry ice cream mix. Correlation of these data with • 
data obtained on relative vapor pressure demonstrates that the log of the 
rate of reaction, with respect to the production of acid ferricyanide reduc¬ 
ing substances and carbon dioxide, is a straight line function of the relative 
vapor pressure. 
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M12 Some Factors Influencing Spray Drier Design and Operation. 

Arnold Kitzes and S. T. Coulter, Dairy Division, University of 
Minnesota. 

Data showing the relationship between the humidity of the inlet air to 
the drier and the moisture content of the powder have been secured. The 
moisture content of the powder increases with increase in the inlet air 
humidity at any given rate of milk feed. The capacity of a drier to produce 
powder of a given moisture content is influenced materially by the humidity 
of the inlet air. 

The vapor pressure-moisture relationships of dry milk at various tem¬ 
peratures have been determined. Attempts have been made to ascertain the 
drying rate of the milk particle. Data available at present indicate that 
the vapor pressure of the exit air from the drier always is lower than that 
of the water associated with the milk powder particle. 

M13 Changes Produced in Milk on Heating. H. A. Harland, R. Jen- 
ness, and S. T. Coulter, Divisions of Dairy Husbandry and Agri¬ 
cultural Biochemistry, University of Minnesota. 

The effect of relatively long-time, high-temperature treatment of milk 
and milk components on the color and chemical properties has been studied 
in an attempt to elucidate the mechanism of the browning reaction of milk 
products. 

Systems included in this work, in addition to skim milk, were buffered 
aqueous systems of lactose, caseinate, serum proteins, lactose-caseinate, 
lactose-serum proteins, lactose-caseinate-serum proteins, and caseinate-serum 
proteins. The heat treatments consisted of refluxing the systems in an oil 
bath. Aliquots were taken for analysis initially and after 1, 3, 6, and 12 
hours of heating. The following determinations were made on the heated 
materials: lactose polarimetrically and by two reducing methods, acid ferri- 
cyanide reducing substance, pH, amino nitrogen, and fluorescence. 

There was a lack of agreement among the methods for lactose when used 
on the heated products. Large losses of lactose were observed polarimetri¬ 
cally and small losses by the chloramine-T method. Values higher than the 
initial ones were obtained with the alkaline ferricyanide method. 

The heat treatments resulted in small increases in the acid ferricyanide 
reducing substances of caseinate systems, but in very much larger increases 
when lactose was present. High reducing values are characteristic of those 
systems having a brown color. Thiamin disulfide reducing substances were 
highest in systems containing only proteins. Lactose containing systems 
yielded little or none of these substances. 

Decomposition of lactose largely is responsible for the gradual decrease 
in pH of milk during heat treatment. 
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The amino nitrogen of systems containing serum proteins in the absence 
of caseinate decreased with heat treatment. There was no change in amino 
nitrogen in systems containing caseinate and lactose, but heating caseinate 
and buffer in absence of lactose resulted in a definite increase in amino 
nitrogen. 

Heat treatment of lactose or caseinate systems resulted in increases in 
fluorescence of an acetone-water extract; much larger increases in fluores¬ 
cence were observed on similar extracts of lactose-caseinate systems. Ten 
per cent KC1 extracts of protein systems indicated the development of 
fluorescent substances during heat treatment. 

The colors developed by the systems during heat treatment were recorded 
photographically. All of the systems containing lactose showed some degree 
of browning. Lactose-caseinate systems were of the darkest color, while 
caseinate alone acquired a slight but definite pink coloration. Serum pro¬ 
teins appear to have little effect on the formation of brown color in milk. 

M14 Some Changes in Dry Whole Milk during Storage. R. Jenness, 
S. T. Coulter, H. A. Harlaxd, and L. K. Crowe, Divisions of Agri¬ 
cultural Biochemistry and Dairy Husbandry, University of Minne¬ 
sota. 

The effects of storage on dry whole milk have been studied in experi¬ 
ments designed to differentiate the respective roles of temperature, oxygen 
level, and moisture level. Further experiments have been made on storage 
of dried simplified systems of milk constituents in an effort to determine 
which of them participate in the reactions that occur during storage. The 
progress of the deteriorative processes w’as followed by measurements of 
flavor, solubility, reducing capacity, fluorescence, brow r ning, carbon dioxide 
production, oxygen utilization, and the concentrations of hydrogen ions, 
lactose, and amino nitrogen. 

In addition to the tallowy flavor which develops only in the presence of 
adequate supplies of oxygen, two distinct stale flavors developing in gas- 
packed powder at different moisture levels have been observed. For a given 
powder at constant temperature, a linear relation holds between the log of 
rate of over-all loss of flavor score and moisture content. This rate differs 
from powder to powder and is accelerated greatly by increasing the storage 
temperature. The rates of change of solubility, reducing capacity (to acid 
ferricyanide), fluorescence, browning, carbon dioxide production, pH, and 
lactose concentration all are dependent on moisture level and temperature 
but not on oxygen level. Indications are that the reactions producing these 
changes involve lactose and protein. While considerable decreases in lac¬ 
tose concentration (as determined polarimetrically) occur during storage, 
particularly at high temperature and high moisture, no loss in amino nitro¬ 
gen was found under the same conditions. 
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M15 The Relation of Ascorbic Acid to the Keeping Quality of Dry 
Whole Milk. S. T. Coulter and R. Jenness, Divisions of Dairy 
Husbandry and Agricultural Biochemistry, University of Minne¬ 
sota. 

Ascorbic acid has been reported to be an essential link in the chain of 
reactions by which oxidized flavors develop in liquid milk. The role of 
ascorbic acid in the loss in flavor quality of dry whole milk has been in¬ 
vestigated, using simplified systems as well as spray-dried whole milk. The 
simplified systems consisted of spray-dried mixtures of calcium phospho- 
caseinate and butterfat, both with and without ascorbic acid. In each of 
eight different trials a quantity of whole milk was split into three lots, one 
of which served as the control. In the second lot sufficient hydrogen per¬ 
oxide was added before preheating to oxidize the ascorbic acid, and in the 
third lot the ascorbic acid was oxidized with hydrogen peroxide before pre¬ 
heating and 16 mg. of ascorbic acid per 100 g. of solids added to the milk 
after preheating. All lots were condensed in stainless steel equipment and 
then spray dried. The preheating was at each of the following tempera¬ 
tures for two trials: 63, 68, 74, and 79° C. 

Tallowiness developed at an earlier date in the air-packed simplified 
systems containing ascorbic acid and became more intense than in those 
not containing ascorbic acid. Tallowiness did not develop in the nitrogen- 
packed simplified systems. The air-packed control samples of dry whole 
milk deteriorated in flavor quality at a significantly faster rate than the 
samples from which the ascorbic acid had been oxidized prior to preheating. 
There was no significant difference in the rates of flavor deterioration of the 
samples from which the ascorbic acid had been oxidized and those to which 
ascorbic acid was added after preheating. All of the air-packed samples 
after 12 weeks of storage at 37° C. had a tallowy flavor to a greater or less 
degree. The nitrogen-packed samples showed no significant differences in 
keeping quality, none being judged tallowy after 12 weeks of storage at 
37° C. 

M16 Factors Affecting the Ease of Reconstitution of Milk Powders. 
U. S. Ashworth and H. A. Bendixen, Washington Agricultural 
Experiment Stations. 

The ease of dispersion of whole milk powder is an important considera¬ 
tion to the consumer. A good whole milk powder was found to disperse 
completely to a concentration of 12.5 per cent total solids at a temperature 
of 68° F., with 20-back-and-forth excursions of about 1 foot during a period 
of 7 seconds. The physical state of the casein is the factor limiting the rate 
of dispersion. Precondensing to 40 per cent total solids before spray drying 
produced a powder which redispersed much more rapidly than did one made 
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from the same milk precondensed to 20 per cent total solids. Preheating 
temperatures of 160 to 180° F. for periods of 10 minutes had no appreciable 
effect on the rate of dispersion of the powders. 

Increasing the temperature of the water increased the rate of dispersion 
up to a certain temperature and then caused it to decrease. Apparently 
this decrease is caused by denaturing action of the warm water on the casein. 
Consequently, there is an optimum temperature of reconstitution. The 
effect of manufacturing methods on this optimum temperature will be pre¬ 
sented. 

Contact with water at 68° F. for periods up to 15 minutes adversely 
affects the reconstitution rate for the most rapidly dispersible powders. 
The amount of undispersed residue left after 7 seconds of manual shaking 
is approximately proportional to the time of standing in contact with water 
before agitation. Increasing the temperature of the water held in contact 
with the powder decreases the rate of dispersion. 

M17 The Use of Nonfat Dry Milk Solids for Mother and Batch Starters. 
B. B. Horrall and P. R. Elliker, Department of Dairy Hus¬ 
bandry, Purdue University. 

Preliminary investigations on slow acid development in Cheddar cheese 
manufacture indicated that starter cultures varied in activity from day to 
day even though the milk used for the cultures was obtained from the same 
herd. Trials were carried out to compare uniformity and activity of 
Streptococcus lactis cheese cultures propagated in selected herd milk with 
reconstituted skim milk prepared from representative lots of high grade, 
spray, nonfat dry inilk solids. The reconstituted skim milk contained 10 
per cent milk solids. 

Cultures carried in the reconstituted skim milk were more uniform in 
activity from day to day than duplicate cultures carried in the selected herd 
milk. Single and multiple strain mother and batch cultures have been 
propagated successfully in reconstituted skim milk for more than 2 years. 
In order to assure a milk satisfactory for growth and activity of starter 
cultures, it was found necessary to test each barrel of nonfat dry milk 
powder. The source of the water used in reconstituting the skim milk 
significantly influenced the activity of the cultures. The use of distilled 
water consistently yielded a satisfactory milk. Certain city and plant 
water supplies consistently yielded milks that failed to provide active 
cultures. 

M18 Influence of the Per Cent Oxygen in the Headspace Gas of Con¬ 
tainer on the Quality of Dry Whole Milk during Storage for 
One Year. G. H. Wilster, Oregon State College. 

This report covers one phase of a research project that involved the 
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manufacture, storage, and rehydration of dry whole milk. The method 
of manufacture consisted of: (a) heating the standardized milk, which 
previously had been clarified centrifugally, in a stainless steel pasteurizer 
for about 45 to 50 minutes to a temperature to 170° P. and holding at this 
temperature for 30 minutes; (b) cooling the milk to 145° F.; (c) condensing 
to 3:1 concentration in a stainless steel vacuum pan 3 feet in diameter; 
(d) homogenizing at 1,500 lb. per square inch, first stage, and 500 lb. per 
square inch, second stage, at the temperature as obtained from the vacuum 
pan; (e) cooling on a stainless steel surface cooler to about 35° P.; (f) pre¬ 
heating the condensed milk in a 10-gallon capacity stainless steel tank; and, 
finally, (g) spray drying the condensed milk in a 6' x 17' x 9' chamber. 

When packing, 155 g. dry milk were weighed into size no. 1 tin con¬ 
tainers. The cans then were sealed. A total of 71 packs, usually 24 cans 
to each pack, was made. When evacuating and gassing, the punctured 
cans were placed in an evacuation chamber and evacuated and gassed as 
desired. Immediately after removing the cans from the chamber, they 
were soldered quickly. The samples of dry milk for all packs were stored 
for 1 year at a temperature of 80 to 90° P. The flavor of the reconstituted 
milk, per cent oxygen in the headspace gas of container, per cent carbon 
dioxide in headspace gas of container, solubility index, and ascorbic acid 
content of the freshly reconstituted milk were determined at monthly in¬ 
tervals. The data show that as the per cent oxygen in the headspace of the 
container was decreased, the keeping quality of the dry milk improved. The 
average score of the milk packed with less than 1 per cent oxygen at equi¬ 
librium was 1.44 higher at the end of the storage period than that of the 
milk packed with 3.04 to 3.50 per cent oxygen. The final score of the milk 
in the low-oxygen group, at the end of the 12-month storage period, was 
18.09 and that of the high-oxygen milk was 16.97. This was based on a 
maximum score of 25 for flavor. 

The influence of size of the dry milk particles on the keeping quality 
was studied with eight batches of powder. The average size of the milk 
particles ranged from 8.15 to 19.29 /t in diameter. When the 32 packs of 
powder were grouped in accordance with the amount of oxygen in the head- 
space of the container at equilibrium and the decreases in the flavor score 
were averaged, the coarser-grained powder was found to possess better 
keeping quality than the fine-grained powder. 

M19 A Comparison of the Yields of Cheddar Cheese Obtained.from 
Raw, Holder Pasteurized and High Short-Time Pasteurized 
Milk. O. R. Irvine, L. R. Bryant, D. C. Hill, and W. H. Spboule, 
Ontario Agricultural College. 

In connection with some wartime research on the nutritional value of 
Cheddar cheese, an opportunity was afforded to secure data on yields of 
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cheese from milks receiving three types of treatment. The results of nine 
comparative trials are reported; in each trial approximately 1,800 lb. of 
carefully-mixed milk was divided into three lots. The first lot was made 
into raw milk cheese, the second was pasteurized to 143° F. for 30 minutes 
and then made into cheese, and the third lot was pasteurized at 161° F. for 
16 seconds before manufacture. 

Yields of the 1-day-old cheese from these vats were calculated in terms 
of 35 per cent moisture in order to eliminate this source of variation in the 
results. On this basis, the mean for the raw milk vats was 9.84 lb. of cheese 
per 100 lb. of milk, while the value for the holder pasteurized milk was 10.02 
and for the high short-time pasteurized milk 10.01. Calculations based on 
determinations of the fat content of the milk and cheese reveal that 88.68 
per cent of this constituent was retained in the case of the raw milk cheese, 
while the mean rates of butterfat retention were 90.15 and 91.13 per cent, 
respectively, for the holder and high short-time pasteurized milk. Fat 
determinations made on the wheys removed up to the time cheddaring of 
the curds was begun gave means which were approximately equal in the 
case of the raw and holder pasteurized milk cheese, but which were markedly 
lower in the case of the high short-time pasteurized milk cheese. 

The data from which these values were derived were subject to statistical 
treatment by the analysis of variance method. No evidence exists that the 
yields of cheese per 100 lb. of milk are influenced by the different treatments 
which the milk received. However, the treatments did produce significant 
differences in the efficiency with which the butterfat was retained in the 
cheese as well as the rate at which butterfat was lost in the whey. 

M20 A Study of the Volatile Acidity in Milk. P. G. Miller, P. L. Zim¬ 
merman, and E. B. Oberg, Carnation Company, Milwaukee, Wis¬ 
consin. 

Since the heat treatment of milk has been shown to increase volatile 
acidity, a study of the volatile acids in processed milk should aid in evaluat¬ 
ing different sterilizing treatments. The best method for obtaining volatile 
acids from milk without producing more acids is subject to question. 
Steam distillation has been reported to produce no formic acid; however, it 
does release volatile sulfide (s). On the other hand, vacuum distillation does 
not appear to release volatile sulfides and thus may be expected to be less 
destructive of the milk constituents. 

Steam distillation and vacuum (at 24 mm. Hg. and constant volume) 
distillation procedures were cqmpared on the basis of rate of distillation of 
formic acid and of n-butyric acid, the recovery of added formic acid, total 
volatile acidity in the distillates, and other factors. Some vacuum distilla¬ 
tion results are presented showing the relation of sterilization treatment of 
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evaporated milk to development of total volatile acidity, formic acid, and 
color. 

The rate of distillation of formic acid was slightly greater with steam 
than with vacuum. By either method approximately 30 per cent of the 
formic acid was distilled when the volume of the distillate equaled the 
volume of the distilland. The rate of distillation of n-butyric acid definitely 
was greater with steam than with vacuum. With steam distillation the 
recovery was about 87 per cent and with vacuum distillation about 53 per 
cent, when the volume of the distillate equaled the volume of the distilland. 
Steam and vacuum distillations gave about the same recovery for added 
formic acid (gravimetric method). 

Steam distillation of milk gave higher values for total volatile acidity 
than did vacuum distillation. The higher values with steam distillation 
appeared to be due to the evolution of C0 2 during the steam distillation and 
not to the more rapid distillation of acids such as butyric. 

Steam distillation of an aqueous tributyrin suspension resulted in the 
hydrolysis of about 3.5 per cent of the triglyceride, whereas vacuum distilla¬ 
tion showed no evidence of triglyceride hydrolysis. The total volatile 
acidity, formic acid, and color of evaporated milk varied directly with the 
degree of heat treatment. 

M21 Some Unique Properties of Lactose as a Dietary Carbohydrate. 
Lloyd K. Riggs and Annabel Beaty, Kraft Foods Company, Chi¬ 
cago, Illinois. 

Young rats weighing 50 to 60 g. were fed ad libitum purified diets con¬ 
taining 5 per cent fat in which USP lactose was substituted for cornstarch 
at levels of 5,10,15, 20, 25, 30, 40, and 50 per cent of the total ration. Feed 
consumption was recorded and the animals were weighed and observed for 
symptoms of lactose feeding three times each week for 12 weeks. Up to and 
including 30 per cent lactose, these rations equaled the basal ration (no 
lactose) in growth and food utilization. At the 40 and 50 per cent levels 
growth was less, and at 50 per cent food utilization was less efficient than 
on the basal ration. 

Symptoms of lactose feeding, diarrhea and/or “pot-bellies”, tore ob¬ 
served first at the 20 per cent level and became progressively more severe 
and more persistent as the percentage of lactose in the ration was increased. 
The capacity of the rats to utilize lactose without suffering from diarrhea 
was increased through repeated daily intake of rations containing lactose. 

By feeding rations containing a mixture of equal parts glucose and 
galactose at levels equivalent to 15, 30, and 50 per cent lactose, the lactose 
linkage was found responsible for the symptoms observed on rations con¬ 
taining higher percentages of lactose. At levels of 30 and 50 per cent, 
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growth was less and food utilization more efficient on the diets containing 
lactose than on the rations containing equivalent amounts of the mixture 
of the two simple sugars. 

M22 The Relationship between the Oxidation of Ascorbic Acid and the 
Development of the Oxidized Flavor in Milk. George R. Green- 
bank and Philip A. Wright, Division of Dairy Research Labora¬ 
tories, Bureau of Dairy Industry, Agricultural Research Adminis¬ 
tration, U. S. Department of Agriculture. 

. In recent publications attempts have been made to revive the enzyme 
theory to explain the development of the oxidized flavor. A study has been 
made to determine whether the reaction which accompanies the development 
of an oxidized flavor in milk resembles an enzymatic or a chemical oxidation. 
The oxidation of ascorbic acid, a normal constituent of milk, has been con¬ 
sidered by others as a link in the postulated* oxidation of the lipid which 
causes the off flavor. Data are presented to show that the oxidation of 
ascorbic acid parallels the postulated oxidation of the lipid but is not neces¬ 
sarily a link in the oxidation chain and that the addition or destruction of 
ascorbic acid promotes changes which may be expected when reducing agents 
are added to a milk or removed from it. Many seemingly abnormal reac¬ 
tions observed by others upon the addition of ascorbic acid, copper, and 
hydrogen peroxide to a milk arc clarified by the use of a simple equation 
to illustrate the chemical changes which occur during the development of 
the flavor. 

M23 The Use of Carotene for Coloring Butter. G. A. Richardson and 
M. Louisa Long, University of California. 

Color determinations on the fat from 132 butters manufactured in Cali¬ 
fornia and collected in connection with a national survey of the vitamin A 
activity of butter revealed a surprising lack of uniformity of coloring. The 
variation in carotene content was not compensated for, adequately, by added 
color. 

The intensity of color in terms of optical density was determined on a 
10 per cent (w/v) solution of the butter in gasoline, using a 1.6 cm. cell, a 
wave length of 440 m**, a wave band of 35 m/i, 20° C., with a Model 11 Cole¬ 
man spectrophotometer. It was found that 7.6 per cent of the samples fell 
in the optical density range of 0.15-0.20, 16.7 in the range 0.21-0.25, 28 
within 0.26-0.30, 31.1 within 0.31-0.35,13.6 within 0.36-0.40, and 3 per cent 
within 0.41-0.45. If carotene were the only color present, these ranges rep¬ 
resent, respectively, carotene values of approximately 3,700-5,200, 5,500- 
6,700, 7,000-8,200, 8,500-9,600, 9,800-10,800, and 11,000-12.000 I.U. per lb. 
of butter. 
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Carotene is known to be prooxygenic in refined oils, especially at elevated 
temperatures. It was found to be moderately prooxygenic in butter oil pre¬ 
pared so as to be low in phospholipid, a-tocopherol, and other antioxidants. 
With milk fat as usually prepared in the laboratory, added carotene is not 
definitely prooxygenic at room temperature in the absence of direct sun¬ 
light. Added a-tocopherol or lecithin imparts some protection but is not 
as effective as nordihydroguaiaretic acid (NDGA) or quercetin. Carotene 
dissolved in the fraction of milk fat liquid at room temperature (approxi¬ 
mately 68° P.) is more rapidly destroyed than when dissolved in either the 
complete fat or in the fraction that has crystallized out at or above room 
temperature. 

In the initial experiments, a commercial carotene concentrate (from car¬ 
rots) in Wesson oil was used as added color for laboratory churnings. The 
color characteristics were good, but flavor scores, especially after storage, 
were unfavorable. Refinements in the methods of extraction and isolation 
of carotene from carrots have made available carotene concentrates of little 
or no flavor or odor, and of potencies ranging from 5,000 to 8,800 I.U. per g. 
The stability of these concentrates is quite high. More than 50 per cent of the 
carotene remained after exposure to laboratory light and temperature con¬ 
ditions for 40 days. Quercetin and NDGA decreased the rate of destruction. 

Several laboratory churnings were made from the same lot of cream, 
with and without added copper (2 p.p.m.) and with and without added 
carotene. Samples were stored at 18 and at 60° F. At the end of a 10- 
month storage period at 18° P. the peroxide values of all samples were fairly 
low (av. 1.56 me/kg., without copper; 2.19 me/kg., with copper). Added 
carotene, at this temperature, neither promoted nor inhibited peroxide 
accumulation. 

At the end of 5 months of storage at 60° F., the peroxide values of the 
controls without added copper were less than 2.5. Added carotene was defi¬ 
nitely prooxygenic for those without copper but appeared antioxygenic for 
the samples containing added copper. The color values of all samples not 
containing copper remained practically unchanged during the 5 months of 
storage. 

Butters manufactured under commercial conditions and colored to dif¬ 
ferent degrees with one of three commercial carotene concentrates are under¬ 
going storage trials. 

A simple method is described by which the tester may determine the color 
score of the fat to be churned and indicate to the buttermaker the amount of 
color to be added per 100 lb. of fat to give a predetermined shade to the 
butter. 

M24 Graphic Procedure for Determining Quantitative Results of Volu¬ 
metric Analysis. Wayne I. Tretsven, Advisory Service, Chicago, 
Illinois. 



FORTY-SECOND ANNUAL MEETING 


535 


A graphic procedure is described for rapidly and accurately determining 
the results of volumetric analysis. The tedious tasks of preparing solutions 
to a definite concentration (normality) or their standardization to normality 
factors, and all the calculations involved, are eliminated by substituting a 
simple graph. It is particularly useful when two or more solutions are 
required and is especially advantageous where one or both solutions are of 
such nature as to require frequent restandardization. The procedure has 
been adapted to various analyses and is explained in terms of a specific ex¬ 
ample. Since the method was developed and used extensively in the lab¬ 
oratory for determining the salt content of cheese, it is illustrated in terms 
of this application. 

, The principles of the procedure depend on establishing a line or lines 
portraying the actual titration values of the reagents. Only two points 
(titrations) are necessary. The points established represent an actual 
analysis and are based on a 100 per cent recovery. The construction of the 
graph is simple. If the scales of the graph are chosen suitably, c.g., 1.0 
division per 0.1 ml. solution or per 0.1 mg., the results will be as accurate 
as the burettes can be read. In actual use, no knowledge of the normalities 
of the solutions or any calculations are necessary. 

M25 Some Chemical Reactions Involved in the Production of the Sun¬ 
light Flavor in Milk. D. G. Keeney and D. V. Josephson, De¬ 
partment of Dairy Technology, Ohio State University. 

The sunlight flavor precursors are known to originate in the milk serum, 
although the reactive compounds involved in the photochemical changes have 
yet to be identified. 

In order to ascertain the type of reaction involved in the production of 
the sunlight flavor, attempts were made to synthesize a similar flavor, By 
the addition of approximately 50 p.p.m. of formaldehyde before heating the 
milk to 75° C., a flavor was developed which was indistinguishable from that 
produced by exposing .the same untreated milk to sunlight. Heat treat¬ 
ments below 75° C. resulted in no flavor change in formaldehyde-treated 
milks, while heating to 80-90° C. served to intensify the sunlight-type flavor 
development. The critical temperature for sunlight flavor development 
under these conditions coincides with that for the liberation of sulfhydryl 
compounds in normal heated milk. This would suggest that sulfhydryl 
compounds and aldehyde groupings are essential to the mechanism of the 
sunlight flavor development, possibly the formation of a mercaptal type 
compound. Substantiating evidence was furnished by the fact that in heat¬ 
ing formaldehyde-treated milks the cooked flavor never developed, and free 
sulfhydryl compounds as indicated by the nitroprusside test were greatly 
diminished or absent. 
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The oxidation-reduction range and poise seem to play an important role 
in both the natural and synthetic development of the sunlight flavor. 

When casein was removed from skim milk by rennet coagulation and the 
albumin subsequently eliminated by boiling and supercentrifuging at 35,000 
r.p.m. for 0.5 hour, the resultant clear liquid upon exposure to sunlight 
developed the flavor to such an extent that it was still discernible upon 
dilution to ten times its volume with the original skim milk. The develop¬ 
ment of the flavor in this fraction always was accompanied by a definite 
increase in saltiness. 

Upon dialysis of skim milk for 36 hours and subsequent exposure of the 
fraction to sunlight, no detectable sunlight flavor developed. When skim 
milk first was exposed and then dialyzed, the sunlight flavor of the non- 
dialyzable fraction showed a decrease far greater than could be attributed 
to dilution. In no case was a detectable sunlight flavor found in even the 
concentrated phase of the diffusate. This would suggest that the flavor 
compound either exists in a complex, all substituents of which are essential 
for the flavor, or that the flavor is sensitive to changes in the oxidation- 
reduction potential and had been destroyed by the dialytic action. 

M26 A New Sensitive Method for Determining the Concentration of 
Quaternary Ammonium Germicide Solutions. W. J. Harper and 
P. R. Elliker, Department of Dairy Husbandry, Purdue Univer¬ 
sity, and W. K. Moseley, Moseley Laboratories, Inc., Indianapolis, 
Indiana. 

An accurate, rapid, simple test for determining the concentration of 
quaternary ammonium germicides has been developed. The method is 
based on the formation of a red precipitate on addition of 1 ml. of quater¬ 
nary ammonium solution to an equal volume of eosin-yellowish dye solution 
(O.Ol per cent eosin-yellowish dissolved in acetone and the acetone solution 
diluted 1:10 in tetrachlorethane) in the presence of 0.1 ml. of pH 3.5 citric 
acid-NaOH buffer, and the subsequent titration to a colorless compound with 
a 0.01 per cent active anionic surface-active reagent. A standard curve may 
be established for a specific quaternary by using a pure compound of known 
concentration. « 

The method has been found satisfactory for determining the concentra¬ 
tion of a number of different dilute quaternary ammonium solutions. It 
may be used either as a quantitative laboratory method or as a rapid field 
kit test. It also may be used to detect the quantity of quaternary ammonium 
germicides added to raw milk. A modification for estimating the concentra¬ 
tion of quaternaries by the use of paper test strips has been developed. 

M27 Ionic Exchangers in th£ Dairy Industry. O. F. Garrett, M and R 
Dietetic Laboratories, Inc., Columbus, Ohio. 
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Ionic exchangers have been known and used in the dairy industry of the 
United States since the early 1930’s when Lyman obtained a patent on a 
process for treating milk products. Lyman’s process employs the base ex¬ 
change principle, which is a type of ionic exchange, and is broad in its 
applications covering the treatment of milk, skim milk, whey, and the prepa¬ 
ration of milk for evaporation, cheesemaking, etc. The development of new 
types of ionic exchanger materials in the last few years has stimulated 
experimental work looking toward the application of these materials to the 
processing of dairy products. 

Experimental investigation of the application of ionic exchangers to the 
manufacture of various products from milk has been continuous in our 
laboratories beginning in 1932. The application of the base exchange prin¬ 
ciple to the preparation of soft curd milk is well known in the industry. In 
addition we have found that ionic exchanger materials may be applied to 
ice cream making, powdered whole milk, condensed milks, stabilized con¬ 
densed and dried creams, lactose manufacture, and other specialized 
products. 

M28 A Microscopic Study of Ice Cream Texture. W. S. Arbuckle, 
Animal Industry Department, Dairy Manufacturing Section, North 
Carolina State College. 

The microscope is useful in determining certain body and texture charac¬ 
teristics of ice cream which are not readily detected organoleptically. The 
method used for routine examination includes the preparation of a thin 
section of ice cream, imbedding the section in an oil with a refractive index 
of 1.420 and examining with a microscope at a magnification of 100 times. 
Sectioning and examining are best done at a temperature of -15° P. or 
lower. 

Lithographed photomicrographs are included in this paper to illustrate 
the effect of type of freezer, heat shock, and other factors on the structure 
of ice cream. 

M29 The Place of the Private Quality Control Laboratory in the Dairy 
Industry. M. A. Collins, Collins Dairy and Food Laboratories, 
Dryden, N. Y. 

Factors to be considered in the establishment and operation of a private 
laboratory serving the dairy industry are discussed. Tests on the various 
dairy products, farm inspection, plant inspection, efficiency of plant opera¬ 
tions, and personnel training are services which a laboratory of this type 
may offer. 
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M30 Newly Developed Cleaning Aids for the Dairy Industry. John R. 
Perry, Sealtest, Inc., New York, N. Y. 

Devices recently developed by the author are designed to make possible 
better, more efficient, and more economical cleaning of dairy equipment and 
to make the cleaning job a desirable one instead of the distasteful one it so 
generally has been. Among the devices described are the shut-off valve for 
the end of the rinse hose, the sanitary fittings cleaner, the sanitary pipe 
cleaner, the separator disc cleaner, solution fed brushes, special brushes, and 
the power-driven solution fed brush. 

M31 Some Observations on the Chemistry of Heat-induced Flavors in 
Milk. Stuart Patton and Donald V. Josephson, Ohio State Uni¬ 
versity. 

The heat-induced flavor changes occurring in heated skim milk were 
studied, using a group of five taste observers. The most important and pro¬ 
nounced changes resulting from the heat treatment were found to be the 
development of * ‘ cooked ’ ’ (olfactory) and ‘ ‘ rough ’ ’ (tactual) flavors. These 
same flavors also were manifest to approximately the same degree in heated 
rennet whey. 

In order to determine the importance of serum proteins in these flavor 
changes, heated (205° F.—flash) rennet whey was supercentrifuged at 35,000 
r.p.m. Such treatment produced significant reductions in “cooked” as well 
as “rough” tactual flavor responses. Parallel diminution (in certain cases 
complete) in the nitroprusside test of the whey occurred as the result of the 
removal of denatured serum proteins. The primary importance of serum 
proteins in heat-induced flavor changes was demonstrated by these studies. 
Attempts to remove serum proteins from heated skim milk by supercentrifu¬ 
gation were unsuccessful, as indicated by the nitroprusside test and flavor 
responses of the observers to the skim milk following centrifuging treatment. 
This.phenomenon may be attributed to the physical and/or chemical adsorp¬ 
tion of serum proteins on the casein micelles in heated milk. 

In studying the behavior of sulfhydryl groups in heated milk, it was 
found that the serum proteins (sulfhydryl positive) dispose themselves in 
the rennet curd of the milk rather than in the whey. Such’ a phenomenon 
may explain, in part, the soft curd characteristics of highly heated milk. 
The close physico-chemical relationship existing between serum proteins and 
casein in heated milk also is demonstrated. 

When samples of skim milk were heated for prolonged periods at 205° F., 
the quantity of sulfhydryl groups, as determined by the nitroprusside test, 
was found to diminish substantially. However, in the absence of casein 
(rennet whey) and lactose (dialyzed skim milk), such a diminution did not 
occur. These observations may serve to elucidate the nature of carmelized 
flavor development in heated milk. 
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M32 The Utilization of the Mineral-Ion Exchange Principle in Stabi¬ 
lizing Evaporated Milk. D. V. Josephson and C. B. Reeves, 
Department of Dairy Technology, Ohio State University. 

The proteins in evaporated milk usually are somewhat unstable to the 
heat of sterilization. This condition has been attributed primarily to an 
•excess of calcium ions and, possibly, of magnesium ions and is corrected in 
commercial manufacture by the use of certain salts, usually disodium 
phosphate. 

The present study was undertaken to investigate the possibility of using 
some ion exchange method to remove the excess calcium and magnesium ions 
from milk and render the concentrated product stable to 240° F. for 15 
minutes. A cation exchanger (Amberlite IR-100) which exhibits a high 
degree of specificity for polyvalent cations was used for treating whole milks 
and skim milks. When this resinous type material was used in the sodium 
cycle, it effected an efficient removal of calcium (60 per cent) and magnesium 
from milk. 

The mineral-ion exchange treated milks were added as fluids, concen¬ 
trates, and powders to the bulk lots of regular fluid milk before forewarming 
or to the untreated concentrates before sterilization. Under average condi¬ 
tions where evaporated milk required 2 to 6 ounces of disodium phosphate 
per 1,000 lb. of concentrate to produce stability, the same correction was 
effected by treating from 0.5 to 2.0 per cent of the original milk (or equiva¬ 
lent) by the mineral-ion exchange process. The addition of the mineral-ion 
exchange treated milk at the hot well before forewarming produced greater 
efficiency of stabilization than addition later. 

The mineral-ion exchange treated milk can be used as a fluid, concen¬ 
trate, or powder with equal effectiveness. Both whole and skimmed milks 
can be treated by the process, but skim milk is more practical from the 
commercial point of view. Changes in the calcium, phosphorus, and ash 
content of evaporated milk as a result of mineral-ion exchange treatment are 
so insignificant as to be within the limits of error for the analytical tech¬ 
niques used. The mineral-ion exchange process as employed in these experi¬ 
ments with evaporated milk appears to be a practical procedure for the 
control of heat coagulation of evaporated milk. 

• 

M33 The Manufacture of High-Solids Evaporated Milk. Mask Keeney 
and Donald V. Josephson, Department of Dairy Technology, Ohio 
State University. 

This study was undertaken to investigate the possibility of manufactur¬ 
ing a commercially-acceptable evaporated milk containing an appreciably 
greater total solids content than the present standard product of 26 per cent 
total solids. Attention was focused on the manufacture of evaporated milk 
at levels of 32, 34, 36, 38, 39, and 40 per cent total solids. 
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The intensification of the physical and chemical changes in milk caused 
by the heat of sterilization at high solids concentration has handicapped the 
development of such a product. Prohibitive amounts of disodium phosphate 
are necessary during most seasons of the year to stabilize evaporated milk 
containing 34 to 40 per cent solids. In this study the mineral-ion exchange 
principle was used and compared with the procedure of stabilization by 
disodium phosphate. 

During January, February, and March the 40 per cent solids evaporated 
milk could be stabilized against heat coagulation by the addition of 8 to 11 
per cent (on a solids basis) of mineral-ion exchange powder (from which 
60 per cent of the calcium had been removed) at the hot well. The same 
milks, untreated, required from 70 to 85 ounces of disodium phosphate per 
1,000 lb. of 40 per cent solids milk to prevent coagulation. 

As the solids content was increased, the degree of browning was intensi¬ 
fied. The products reconstituted to give 13 per cent solids exhibited lower 
pH as the solids concentration of the sterilized product increased. A nor¬ 
mal milk which exhibited a pH of 6.55 before sterilization usually had a pH 
of about 6.35 after sterilization at a normal concentration. The pH of steril¬ 
ized high solids concentrates decreased as solids increased, so that a value of 
6.20 or lower was common with a 40 per cent solids product (reconstituted). 

Sterilization causes a considerable change in the optically active lactose 
content of evaporated milk. The per cent destruction of optically active 
lactose ranged from 9 to 15 per cent. The per cent solids at sterilization 
seemed to have little or no effect upon the per cent destruction. 

All of the batches containing 32 per cent or more solids left a noticeable 
mineral deposit in the cans within a few days after sterilization. This was 
true in both the mineral-ion exchange treated batches and the products 
stabilized with disodium phosphate. 

M34 Condensing Whole Milk for Ice Cream Mix with the Vacreator. 

G. H. Wilster and K. C. Lu, Oregon State College. 

The process of condensing whole milk with a “baby” size Vacreator was 
studied. The whole milk first was placed in a storage vat and then pumped 
either through a flash preheater or a tubular preheater, heated to 200 ± 5° 
F., and evaporated under 24 and 28 inches of partial vacuum, consecutively, 
in the Vacreator. The partially condensed whole milk was returned to the 
storage vat as it emerged from the machine. By continuous circulation 
through the Vacreator, the milk was condensed to the desired ratio of con¬ 
centration of about 2.1:1 for use in ice cream mix 

Increasing the rate of inflow of milk to the Vacreator up to its wuMrimmn 
intake capacity resulted in a higher water-evaporating efficiency. An in¬ 
crease in the rate of inflow of the milk from 85 to-105 lb. per minute increased 
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the water-removal capacity of the machine from an average of 6.39 to 8.04 
lb. per minute (383.4 to 482.4 lb. per hour). 

The average bacterial count of the milk in the storage vat dropped from 
85,600 per ml. before condensing to 1,500 per ml. after 30 minutes of con¬ 
densing. The average bacterial count of the condensed milk when leaving 
the Vacreator at the conclusion of the process was 100 per ml.; the count of 
the finished condensed product in the storage vat was about 200 per ml. 

The Vacreator-condensed whole milk stored at 80° F. was satisfactory 
for about 12 hours, while at 44° F. the milk kept satisfactorily for about 
1 week. When 5 per cent of sucrose was added to the condensed milk and 
the milk stored in 1 pint cardboard containers at 0 to 10° F., the milk kept 
satisfactorily for 34 days. The reconstituted milk had a fine flavor and 
showed no protein destabilization. 

One of the problems in condensing milk with a Vacreator for an ice cream 
plant is the determination of the total solids content of the condensed prod¬ 
uct. Equations that show the relationship between the total solids (Y), the 
Baume reading (X)y and the fat content (Z) for the condensed whole milk 
made from high testing and low testing milk and also for the condensed 
skim milk were formulated. The equation most valuable when milk of high 
test w r as used was Y E = 1.5642 X-f 1.5020 Z- 0.3286, with a multiple corre¬ 
lation coefficient of 0.9989 and a standard error of estimate of 0.2112. When 
milk of low test was used, the most valuable equation was Y E = 1.9012 X 
-0.0368, with a correlation coefficient of 0.9999 and a standard error of 
0.0151. 

M35 A Study of the Use of Nordihydroguaiaretic Acid in the Storage 
of Frozen Sweet Cream. J. W. Stull, E. O. Herreid, and P. H. 
Tracy, Illinois Agricultural Experiment Station. 

A study has been made of the effectiveness of the antioxidant nordihydro¬ 
guaiaretic acid (N.D.G.A.) in retarding or preventing the development of 
the oxidized flavor in unsweetened frozen cream. Four lots of cream were 
prepared. These consisted of high and low quality cream pasteurized both 
at 150° F. for 30 minutes and 170° F. for 15 minutes. Each lot was divided 
into two series, one with the copper and N.D.G.A. added before pasteuriza¬ 
tion and the other with the copper and antioxidant added after cooling to 
45° F. The copper was added from an aqueous solution to make a concen¬ 
tration of 0.5 p.p.m. based on the total weight of the cream. The N.D.G.A. 
was added from a glycerol solution and a water suspension to make concen¬ 
trations of 0.00125,0.0025, and 0.005 per cent of the fat content of the cream. 
The cream was stored in tinned cans at a temperature varying from - 5° to 
- 20° F. When taken out of storage, the cream was thawed and judged for 
flavor. The oxidation-reduction potential (Eh) of the cream was determined 
at this time. In order to accelerate further the development of the oxidized 
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flavor, the cream was held at 40° F. for an additional week and then judged 
again. 

In storing the cream for 7 to 9 months at subzero temperatures, it was 
found that the presence of from 0.00125 to 0.005 per cent N.D.G.A. would 
retard the development of the oxidized flavor. The glycerol and the water 
aolutions were equally effective. The Eh of the cream increased slightly 
during storage. However, there was no significant difference in the Eh 
values of those samples which had the oxidized flavor and of those which did 
not have this off flavor at the end of comparable storage periods. These 
results indicate that Eh values for storage cream have no particular signifi¬ 
cance in measuring the development of the oxidized flavor. 

In every case the copper which was added to the cream after it had been 
-cooled to 45° F. induced the oxidized flavor more rapidly than the copper 
which was added to the cream prior to pasteurization. Pasteurization at 
170° F. for 15 minutes protected the cream against the development of the 
-oxidized flavor to a greater extent than pasteurization at 150° F. for 30 
minutes. 

The intensity of the oxidized flavor increased in the control samples which 
were held at 40° F. for 1 week whereas this did not occur in the sampies 
which contained N.D.G.A. Control samples not oxidized when they first 
were taken out of storage often developed oxidized flavor during storage at 
40° F. 


PRODUCTION SECTION 

PI The Influence of Streptomycin upon the Livability and Bacterial 
Content of Bull Semen. J. O. Almquist, W. T. S. Thorp, and 
P. J. Glantz, Pennsylvania Agricultural Experiment Station. 

Investigations on the use of penicillin in diluted bovine semen led to 
subsequent studies with streptomycin. Preliminary studies indicated that 
levels of 2,500 to 10,000 n g. of streptomycin per ml. of diluted semen mark¬ 
edly reduced the ability of spermatozoa to maintain motility during storage. 
'Thus an experiment was designed in which streptomycin was added to 10 
samples of bull semen diluted 1 to 24 with yolk-citrate at the rate of 0,100, 
250, 500, 750,1,000,1,250,1,500, and 2,000 /*g. per ml. of diluted senfen. The 
samples were stored at 4.5° C. (40° F.) and the percentages of motile sper¬ 
matozoa were estimated every 2 days for 20 days. At 0, 8, and 16 days* 
storage, subsamples were taken for bacterial counts and streptomycin assays. 

Analysis of variance involving 900 motility estimations showed no sig¬ 
nificant differences in spermatozoan livability at levels of 0, 100, 250, 
-500, 750, and 1,000 pg. However, the three highest levels tested (1,250, 
1,500, and 2,000 /xg. per ml. of diluted semen) caused a highly significant 
decline in livability. Based on a highly significant linear regression, the 
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mean percentage of motile spermatozoa during 20 days’ storage decreased 
by 0.5 per cent for each additional 250 /xg. of streptomycin. 

Plate counts were made on nine samples of diluted semen stored for 0, 
8, and 16 days. Veal infusion agar containing 4 per cent ox blood was used 
for total bacterial counts, and desoxyeholate agar was used for enumeration 
of bacteria belonging to the coliform group. The blood agar plates were 
incubated for 48 hours at 37° C., while the desoxyeholate agar plates were 
held for 24 hours at 37° C. 

Levels of streptomycin above 100 /xg. per 'ml. of diluted semen inhibited 
the growth of bacteria. Freshly diluted semen without streptomycin con¬ 
tained an average of 5,000 bacteria per cc., as compared to an average of 
120 bacteria per cc. for samples with added streptomycin. After 8 days’ 
storage at 4.5° C., the tubes of untreated semen averaged 82,000 bacteria 
per cc. while those containing streptomycin averaged 2,000 bacteria per 
cc. of diluted semen. After 16 days’ storage the average bacterial count 
for diluted semen without the antibiotic was 131 million per cc. and 137,000 
per cc. for diluted semen containing streptomycin. 

, Very few typical coliform bacteria were present on the desoxyeholate 
agar plates. Only one sample had countable colonies and these were pres¬ 
ent only in the undiluted semen and the tube of freshly diluted semen 
which received no streptomycin. The number of coliform bacteria in¬ 
creased in these two tubes during the 16-day storage period. 

Streptomycin was stable for 16 days in diluted semen stored at 4.5° C., 
as determined by assays with the standard cylinder plate method using 
Bacillus subtilis as the test organism. Studies are now in progress using 
streptomycin in combination with penicillin, since it appears that strepto¬ 
mycin might aid in controlling certain penicillin-resistant organisms some¬ 
times found in semen. 

P2 Some Effects of Adding Thyroxine to Bull Semen. A. B. Schultze 
and H. P. Davis, University of Nebraska. 

d,1-thyroxine was added in 0.3, 0.7, 1.0, and 4.0 /xg. quantities to 10 ml. 
of diluted bull semen. The effect of these additions of thyroxine on the 
oxygen consumption of the sperm was determined by a Barcroft-Warburg 
respirometer. 

An average of ten determinations showed that the 0.3 /xg. level increased 
the oxygen consumption 5 per cent above the control. The 0.7 /xg. level 
resulted in an average increase of 9 per cent in oxygen consumption above 
the controls (24 determinations). Four of the 24 samples were retarded in 
oxygen consumption by the addition of thyroxine. The 1.0 /xg. level in¬ 
creased oxygen consumption 4.6 per cent above the controls (-27 determina¬ 
tions). Six of the 27 samples showed retardation of oxygen consumption 
from the addition of thyroxine. The 4.0 /xg. level increased oxygen con- 
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sumption 4 per cent (13 determinations). Six of the 13 samples were re¬ 
tarded in oxygen consumption by the addition of thyroxine. The addition 
of 80 /ag. to 10 ml. of diluted semen resulted in inhibition of oxygen con¬ 
sumption to 92 per cent of the control level for 4 determinations. The 
majority of the determinations were made the day following the collection 
and treatment of the semen. The thyroxine was added 1-2 hours after col¬ 
lection t and dilution of the semen. 

Seventy semen samples treated with 1 ^g. of d,l-thyroxme per 10 ml. 
diluted semen and used in artificial breeding associations showed a con¬ 
ception rate of 61.4 per cent, based on a 5 months’ non-return period (1,623 
services). Untreated semen samples from the same bulls during the jsame 
period (2,954 services) showed a 56.7 per cent conception rate. 

P3 Total Digestible Nutrients and Protein Levels for Dairy Bulls Used 
in Artificial Insemination. Cecil Branton, R. W. Bratton, and 
G. W. Salisbury, Laboratory of Animal Breeding and Artificial 
Insemination, Department of Animal Husbandry, Cornell Uni¬ 
versity. 

The increasing number and size of bull studs supplying semqn for arti¬ 
ficial insemination has focused attention on the inadequacy of quantitative 
information relating the feeding of different levels of total digestible nu¬ 
trients and total protein to semen production, fertility, and body weight 
changes of bulls. 

From this general situation the problem was reduced to one of relating 
controlled levels of T.D.N. and protein intake to the changes in measurable 
characteristics of semen quantity and quality, relative fertility, and changes 
in body weights. 

Using nine Holstein and nine Guernsey bulls, T.D.N. levels of 100, 120, 
and 140 per cent of Morrison’s dry dairy cow maintenance requirements 
were studied by means of a “double change-over” experiment involving 
three 90-day periods. The T.D.N. requirements were based on the initial 
body weights of the bulls. A continuous-type protein experiment involving 
the feeding of concentrate mixtures containing 12, 16, and 20 per cent total 
protein was superimposed on the T.D.N. experiment. Forty pey cent of 
the T.D.N. requirement was furnished by the concentrates and the remain¬ 
ing 60 per cent from mixed hay containing approximately 10 per cent of 
legumes. 

Neither the quantity nor the quality of the semen was related to the 
level of T.D.N. fed the bulls. Significantly higher numbers of spermatozoa 
per mm. 3 , lower volume per ejaculate, motility, and fewer total spermatozoa 
per ejaculate were produced by the bulls fed the concentrate containing 20 
per cent total protein as compared to those fed the other mixtures. These 
differences are not considered at present to be of practical importance. 
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The fertility of the bulls as judged by 5-months’ non-returns to first serv¬ 
ices from the semen samples used for insemination did not vary significantly 
with either the T.D.N. or protein level fed. 

All levels of T.D.N. fed resulted in significant changes in body weights. 
On the other hand, protein levels and the interaction of protein and T.D.N. 
did not result in significant changes in body weight. Based on the linear 
regression between initial body weight and the estimated daily T.D.N. re¬ 
quired to maintain constant body weight, the following practical feeding 
'standard for dairy bulls in active service tentatively is suggested: 1 lb. of 
hay plus 0.4 to 0.5 lb. concentrate mixture containing about 12 per cent 
total protein per 100 lb. of body weight. 

P4 A Study of Factors Affecting the Length of Gestation in Dairy 
Cattle. 1 H. A. Herman and It. W. Spalding, Department of 
Dairy Husbandry, University of Missouri. 

Factors affecting the length of the gestation period of dairy cattle in the 
Missouri Station herd for the period 1900-1945 were studied. The average 
length of gestation in 1,957 cases, all twins and abortions excluded, was 
found to be 279.4 ±: 5.59 days. This study included 876 Jerseys, 962 Hol¬ 
st eins, and 119 Guernseys. 

The average length of gestation for the Jerseys was 280.36 zb 5.80 days. 
Four hundred and twenty-nine Jersey males were carried an average of 
280.90 zb 5.38 days and 447 Jersey females an average of 279.85 zb 4.25 days. 
The average length of gestation for the Holsteins was 278.11 zb 4.98 days. 
Four hundred and ninety-five females were carried an average of 277.51 zb 
3.79 days and 467 males an average of 278.75 zb 5.94 days. The average 
length of gestation for the Guernseys was 284.00 zb 4.96 days. Sixty-five 
males were carried an average of 284.57 zb 4.97 days, a day longer, on the 
average, than females. 

Twins (29 pairs) and triplets (1 set) comprised 1.5 per cent of the 
births in the Missouri Station herd. The average length of gestation for 
multiple births, omitting all abortions, was found to be 271.56 zb8.93 days. 

The data indicate a slight increase in the gestation length for mature 
cows as compared to the gestation period of first- and second-calf heifers. 
Cows calving during the fall and winter months carried their calves an 
average of 1 to 3 days longer than those cows, which calved during the 
spring and summer months. Animals positive to the agglutination test in 
1:100 dilutions (57 cases) were found to have an incidence of premature 
births of 35 per cent, and only 65 per cent of the offspring was carried above 
265 days. Animals reacting in dilutions of 1:25 and 1:50 were found to 
carry 91 per cent of their calves more than 265 days. The incidence of 

i Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station, Journal Series no. 1051. 
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premature births in these two groups was 8.47 per cent and 9.09 per cent, 
respectively. The distribution of abortions in terms of gestation length 
indicates that 87 per cent of these occur after 5 months of pregnancy. The 
mean number of days pregnant at which abortions occurred was found to 
be 193.90 ± 52.19 for Holsteins (51 cases), 209.12 ± 43.15 for Jerseys (81 
cases), and 229.25 ± 63.81 for Guernseys (4 cases). 

P5 The Relationship of Semen Production, Age, Plasma Calcium, and 
Plasma Phosphorus to the Plasma Phosphatases of Dairy Bulls.' 

J. T. Eeid, G. M. Ward, R. L. Salsbury, and 0. E. Shuart, Rutgers 
University. 

Although few investigations have been made of the plasma phosphatases 
in dairy cattle, numerous accounts are found in which the alkaline plasma 
phosphatase is related to bone metabolism in other species. A study was 
made of the relationship of the plasma phosphatases to semen production, 
plasma calcium and phosphorus, and age of dairy bulls from which semen 
was being obtained at various rates. 

In 144 analyses made of the plasma of 33 bulls, the average alkaline 
phosphatase content was 8.98 units per 100 ml. (range 1.99-21.03) and the 
average acid phosphatase was 2.09 units per 100 ml. (range 0.35-6.63). 

The level of the alkaline plasma phosphatase varied inversely with the 
number of spermatozoa produced. The mean phosphatase units found in 
the plasma of bulls producing within the following ranges of spermatozoa 
concentration x 10 s daily were: 0.00, 15.96; 2.00-4.50, 11.84 ; 4.51-7.00, 
11.28; 7.01-9.50, 9.61; 9.51-12.00, 6.99; 12.01-14.50, 6.90; and 14.51-16.00, 
4.66. 

An average plasma level of 4.93 alkaline phosphatase units per 100 ml. 
was found for 10 bulls yielding an average of one ejaculate per 2.5-3.5 days. 
When the same group of bulls was rested for a period of 52 days, the average 
enzyme concentration was 10.95, or an increase of 2.2 times. One bull from 
which no semen ever had been obtained showed an average phosphatase 
concentration of 18.95 units (range 18.04-19.75 in five monthly analyses). 
After nine samples of very dilute semen totaling 193 ml. had been collected 
by massage technique during a 16-day period, the enzyme level dropped 
abruptly to 5.24 units. 

The coefficients of correlation between the level of alkaline plasma phos¬ 
phatase and several factors involved in the rate of semen production were: 
number of ejaculates per day, -0.71; volume of semen per day, -0.83; 
and number of spermatozoa per day, - 0.86. The daily averages were based 
on the number of ejaculates and semen produced during a 3-month period 
prior to plasma analysis. 

No relationship existed between the plasma concentration of acid phos¬ 
phatase and the frequency of semen collection, or quantity of semen pro- 
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duced. Also, no relationship was found between the concentration of the 
enzyme in the plasma and the plasma levels of calcium and inorganic phos¬ 
phorus, age of bulls, or ration fed. # 

These data would indicate that the quantity of semen, more particularly 
the number of spermatozoa, produced by dairy bulls is the major factor 
determining the concentration of alkaline phosphatase in the blood plasma. 

P6 Light Variation Associated with Conception Rate in Artificial Breed¬ 
ing. Ernest Mercjer, Ministry of Agriculture, Quebec, Canada, 
and G. W. Salisbury, Department of Animal Husbandry, Cornell 
University. 

Many studies conducted on the breeding records of cattle have shown 
that reproductive efficiency may be associated with climatic factors. Since 
seasonal fluctuations in fertility level of cattle occur at high latitudes where 
the summer temperature does not reach *t he point of hyperthermal rise, the 
authors have been interested in determining what other climatic factors were 
involved. 

A study of the breeding records of three herds of cattle located 2° of 
latitude apart in eastern Canada revealed that the conception rate of these 
herds was significantly lower during winter and spring than during summer 
and fall. 

The results of four similar studies, involving 150.000 breeding records 
of groups of cows and bulls of various ages bred artificially in New York 
State, paralleled those obtained in eastern Canada. In every study, winter 
was found to be the poorest breeding season of the j^ear. Furthermore, the 
results showed that the fertility level of cattle of extreme age, either young 
or old, fluctuated more from season to season than that of mature cattle or 
cattle of intermediate age. In every case the differences between seasons 
within age-groups, as well as seasons for all age groups, were statistically 
significant at either the 5 or the 1 per cent level of probability.. 

In both locations the over-all fertility level of cattle was found to be 
highly correlated with the length of daylight, with a lag of 1 to 2 months 
before the maximum effects of day-length variations were reached. The re¬ 
sults of a partial correlation study indicated that variations in outside tem¬ 
perature w r ere of no detectable importance on conception rate of cattle in 
eastern Canada. 

Seasonal variations in length of daylight are believed to influence mark¬ 
edly the fertility of cattle at high latitude. 

P7 Studies of Oxidative Mechanisms in Bull Semen. J. T. Reid, R. L. 
Salsbury, G. M. Ward, and G. I. Leonardi, Rutgers University. 

Numerous investigations have evaluated the ascorbic acid concentration 
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of the semen of various species by virtue of this reductant’s ability to reduce 
2, 6-dichlorophenolindophenol under controlled conditions of pH and reac¬ 
tion rate. Some of these studies have indicated a relationship of dye-reduc¬ 
tion by semen to the fertility state of bulls. 

The first portion of this study involved an investigation of the relation¬ 
ship between various bull semen characteristics which are used in quality 
ratings and the capacity of semen to reduce potassium iodate and 2, 6-di¬ 
chlorophenolindophenol. A volumetric method using potassium iodate and 
the commonly employed photelometric dye-reduction method were used in 
the analysis of more than 400 semen samples. 

No great degree of relationship existed between the reducing capacity of 
semen and the various semen characteristics; however, the concentration of 
spermatozoa showed the highest degree of relationship to the reducing 
property. 

A high degree of correlation (0.^06 ± 0.008) existed between the amount, 
of reduction measured by the potassium iodate and the dye-reduction meth¬ 
ods and appeared to be the result of measuring the same reductant(s) by 
both procedures. This observation initiated the second portion of the study, 
which dealt with an attempt to designate the amount of reduction attrib¬ 
utable to several substances (ascorbic acid and glutathione) known to be 
present in animal tissues. Although this study is not yet completed, it was 
found by various treatments that sulfhydryl substances may constitute from 
7 to 81 per cent of the reduction in semen generally attributed to ascorbic 
acid as determined by the reduction of dichlorophenolindophenol dye. The 
dye-reduction method under the conditions commonly employed to measure 
ascorbic acid was capable also of determining glutathione in pure solution 
and of measuring glutathione added to semen. 

P8 Collecting Genetic Data through Cooperating Dairymen. N. P. 

Ralston, S. W. Mead, and W. M. Regan, University of California. 

A dairy cattle breeding experiment at the University of California has 
been in progress for 29 years. It is designed to study, through inbreeding, 
the inheritance of milk and fat production and related factors. 

A loan bull project was initiated in 1926. Its purpose was to increase 
the number of females available for the proving of young inbred sons of 
University herd sires, in order to study more fully the genetic constitution 
of the University experimental herd and to aid in perpetuating the inbred 
lines. At present there are nine cooperating dairymen and a number of 
test herds which have been in the project for 15 or more years. 

The eooperators, who are selected carefully, agree to: (a) maintain mem¬ 
bership in a cow testing association; (b) practice an approved disease con¬ 
trol program; (c) keep accurate records of breedings and calvings, sex of 
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offspring, and other pertinent information relative to the experiment; and 
(d) retain and test, during their first lactation, all daughters of the loan 
bulls. 

The close association between the University investigators and the dairy¬ 
men has aided materially in the management of the herds in order to provide 
useful experimental data. Members of the University staff make semi-annual 
visits to each herd and transfer all data to complete herd books and other 
necessary forms to effectively direct the study. Bulls are loaned according 
to a planned program to yield the desired information. 

The cooperating herds provide approximately 500 females per year. Of 
the 50 bulls loaned, 39 have been proved, supplying over 1,300 first-calf 
daughter and dam records. In addition, these herds have supplemented the 
data collected in the University herd on the inheritance of seven recessive 
defects, the effect of inbreeding on calf mortality, and other data in the 
process of being assembled. 

P9 Variations in Type Ratings of Individual Ayrshire Cows. George 
Hyatt, Jr. and W. J. Tyler, West Virginia University. 

Type classification programs have been adopted by all the major dairy 
cattle breed associations. It seemed that the variation in the type of dairy 
cows throughout a year and from year to year' needed to be known before 
a definite appraisal of type classification programs could be made. There¬ 
fore, a study of the variations in type ratings of individual cows classified 
several times a year was undertaken in 1942 in the Ayrshire herd (known 
as the Reymann Memorial Herd) at the West Virginia Agricultural Experi¬ 
ment Station. This herd represents approximately 25 years of a continuous, 
carefully controlled breeding project. All the females that had calved were 
rated for type approximately three times per year from May, 1942, to 
December, 1946, by an official inspector appointed by the Ayrshire Breeders’ 
Association. The standard grades of Excellent, Very Good, Good Plus, and 
Pair were used. 

Eighty animals were rated officially three times or more from May, 1942, 
to December, 1946. Seven animals were rated the same each time they were 
classified, 47 had a range of one grade, 23 a range of two grades, and three 
varied three grades. 

The repeatabilities between ratings given a cow by the same inspector 
and between ratings given by different inspectors were computed after the 
data were analyzed by the analysis of variance. The average correlation 
coefficient between the ratings of each cow classified by inspector A in May, 
1942, October, 1942, and May, 1943, was 0.74. For inspector B, whose 
ratings were made in October, 1943, and January, 1944, the correlation coeffi¬ 
cient was 0.82; and for inspector C, who made his inspections in July, 1944, 



550 


PAPERS PRESENTED AT THE 


and May, 1946, it was 0.62. The repeatability of the ratings of 101 cows 
classified two or more times by different inspectors was 0.55. 

The effect of age on variation of type ratings was studied using 65 females 
that were classified numerous times at 3 and 4 years of age, 30 classified sev¬ 
eral times at 4 and 5 years of age, and 27 rated several times at 3, 4, and 5 
years of age. There is a small upward statistically significant change in 
type ratings as the animal matures. 

The stage of lactation as a source of variation of type ratings was studied 
by analyzing the ratings of 63 animals classified 137 times between freshen¬ 
ing and the fourth month of lactation, inclusive, 140 times between the fifth 
and the ninth month of lactation, inclusive, and 173 times between the tenth 
month of lactation and the next freshening period. The differences are 
small but do suggest that a little higher rating is obtained when animals 
are classified shortly before or after freshening rather than in the middle 
part of their lactation. 

Most of the wide variations in type ratings of individual cows apparently 
can be attributed to the inability of the inspectors to appraise equally certain 
faults of a cow, especially defects in udder, feet, and legs. For example, 22 
of the 26 cows that had a range of two or more grades changed at least two 
official grades in two consecutive classifications (an interval of 3 to 6 
months). For 19 of these animals the main faults recorded were crooked 
legs, bad feet, or udders defective in either shape or attachment. 

These results indicate that uniform cuts for the important defects in 
feet, legs, and udder should be adopted and adhered to as closely as possible 
by the various inspectors. An average of several type ratings of an indi¬ 
vidual cow seems a more accurate guide to her true type conformation than 
one official rating. 

P10 The Heritability of Official Type Ratings and the Correlation be¬ 
tween Type Ratings and Butterfat Production of Ayrshire Cows. 
W. J. Tyler and George Hyatt, Jr., West Virginia University. 

The objectives of this study in dairy cattle breeding were to estimate the 
portion of the differences in official type ratings that is transmitted from 
parents to offspring and to compute the correlation between type rating and 
butterfat production of cows (records adjusted to a 305-day, mature equiva¬ 
lent, twice-a-day basis). 

The classification ratings of 3,738 paternal half sisters and of 1,601 cowb 
out of classified dams were used to estimate the heritability of single type 
ratings. From these data this figure was estimated to be 0.3, with 95 per 
cent fiducial limits of 0.19 and 0.41. These results suggest that selection for 
type through a type classification program should improve the type of future 
generations of dairy cattle. 
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The relationship within herds between classification rating and produc¬ 
tion of butterfat was computed from data on 5,177 cows. There was an 
average increase of 13 lb. of butterfat for each increase of one type grade. 
The correlation coefficient was 0.16 between the type rating and first butter¬ 
fat record, 0.16 between type rating and the butterfat record begun nearest 
the date of classification, and 0.19 between type rating and the average of all 
the butterfat records of the cow. These coefficients were statistically signifi¬ 
cant, but their size indicates limited practical significance. This would indi¬ 
cate that selection within herds for better type only would not result in any 
substantial increase in butterfat production. Likewise, selection for in¬ 
creased production of butterfat alone would not improve the type of the 
animals to any great extent. 

Pll Analysis of the Production Records of Crossbred Dairy Cattle. 

'R. A. Hilder and M. H. Foiibman, Bureau of Dairy Industry, 
U. S. Department of Agriculture. 

A popular notion about crossbreeding is that the offspring resulting from 
interbreed crosses might show wide variation in butterfat production. This 
analysis is undertaken to show whether this variation exists in the crossbred 
herd at Beltsville. 

Tables are presented showing the average butterfat production, the 
standard error of the mean, and the coefficient of variability of several regis¬ 
tered and crossbred groups concerned with the experiment. All figures are 
based on actual first lactation butterfat records. 

Pour groups of registered Holsteins and Jerseys not connected with the 
crossbreeding project are used to establish a normal variation for butterfat 
production. The coefficients of variability for these ranged from 12.75 to 
16.28 per cent. Five groups of registered foundation cows for the cross¬ 
breeding experiment showed coefficients from 10.25 to 21.36 per cent. The 
coefficients of variability of the registered daughters and their dams of the 
three principal sires used in the crossbreeding ranged from 11.82 to 22.59 
per cent. 

The first 42 two-breed crossbreds to complete first lactation records aver¬ 
aged 589.5 lb. of butterfat, with a coefficient of variability of 9.71 per cent. 
The first 16 three-breed crossbreds averaged 630 lb. of butterfat with a coeffi¬ 
cient of 7.92 per cent. These figures seem to indicate that the crossbred 
groups exhibit unusual uniformity in butterfat production. 

P12 Progress Report on Cross-breeding of Dairy Cattle at Beltsville. 

M. H. Fohrman, Bureau of Dairy Industry, U. S. Department of 
Agriculture. 
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P13 A Case of Intersex in Dairy Cattle. 1 W. W. Yapp, University of 
Illinois. 

The purebred Brown Swiss bull calf which was the subject of this study 
appeared normal and was sold as a breeding animal, to be delivered in 90 
days. Just prior to shipment, the animal was examined carefully by the 
University herdsman, who thought he detected a slight enlargement of the 
scrotum. A veterinary confirmed this observation. Assuming the condi¬ 
tion to be due to a slight injury, shipment was delayed 2 weeks and treatment 
to reduce the part begun. 

After the condition failed to respond to treatment, it was concluded that 
a slight hernia was involved and plans were made to reduce the condition 
by surgery. The first incision of the operation revealed that the individual 
could not be a normal male. The animal was sacrificed to study the 
condition. 

Inspection revealed a normal male reproductive system except that the 
testicles and accompanying ducts were absent. A normal female reproduc¬ 
tive system, except for a portion of the vagina and vulva, also was found. 
The size of the bi-cornus uterus was essentially that expected in a normal 
female of a similar age and weight. The identity of the organ was indicated 
by the presence of numerous cotyledons. 

Histological examination of the various tissues confirmed their identity 
except that the organ assumed to be an enlarged ovary actually was a ves¬ 
tigial testicle. The presence of this testicular tissue and its ability to secrete 
testicular hormones accounted for the secondary sexual characteristics of 
the animal and explains why he was assumed to be a normal male. 

An attempt was made immediately to locate other cases similar to this 
one and also to locate males that had been sold as breeders but had failed 
to produce progeny. No other eases of intersex similar to the animal de¬ 
scribed have been found. Two males that were not capable of reproduction 
were located. Post mortem examination indicated the possibility of inter¬ 
sex but did not show the same development of reproductive organs of both 
sexes as found in the animal described. 

One Brown Swiss bull that had produced several (three definitely known) 
sterile male progeny, two from the same cow, was located and purchase 
arranged for. All sterile animals had been sold for beef and could not be 
examined posthumously. Casual examination by breeders indicated some 
probability that they may have been cases of intersex. The owner of the 
bull, fearing that a further test of the breeding qualities of his bull might 
reflect on his herd, disregarded his promise and sold the animal for beef, thus 
making it impossible to test further the nature of the sterility found in the 
progeny that might have resulted from his service. 

* Members of the Department of Animal Pathology, University of Illinois, especially 
Dr. L. E. Boley, were very helpful in making post mortems and in identifying tissues. 
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P14 Dairy Cattle Improvement Work of the Indian Agricultural Re¬ 
search Institute—India. 1 J. D. S. Kumaran, Department of Dairy 
Husbandry, University of Missouri. 

The Government of India Agricultural Research Institute maintains the 
Sahiwal herd at New Delhi and the Tharparkar herd at Karnal. The paper 
deals with the work done at Karnal since 1923. The original home of the 
Tharparkar cattle is the semi-desert regions of the province of Sind. 

The average yield per cow per day was 5 lb. in 1923. Line-breeding, 
selection, feeding, and sound herd management have resulted in a consistent 
rise in the milk yield. In 1930 the yield was 8.7; in 1935, 13.4, and in 1945, 
20.5 lb. per cow per day. 

The calves all are weaned at birth and are fed with standardized milk ; 
the bull calves are fed for 6 months and the lieifer calves for 8 months from 
birth. The average birthweight of the male calves is 54 lb. and the female 
c&lves 48 lb. The birth weights of the males increase in a very steady 
manner as the weight of the dams increase. In the case of the female calves, 
the increase varies, though the maximum weight is found in the maximum 
weight class of the dam. The data further show that as the weight of the 
dam increases, the weight of the calves at birth also increases. 

An analysis of 1,202 gestations reveals an average gestation period of 
288.4 days, with the male calves taking a longer period than the females. 

Heifers are bred after they attain a body weight of 600 lb. The average 
age of such heifers at first gstrus was 23 months and 13 days, with a body 
weight of 609 lb. The average at first estrus after calving was 34 months, 
with a body weight of 733 lb. Tables give the different interestral periods 
for the different age classes. 

Some cows have yielded more than 10,000 lb. in 306 days, and Tiqabdi 
336 in 1946 yielded 10,369 lbs., which is the highest for the Tharparkar 
breed. 

Pregnant heifers and cows from a fortnight to a month* before calving 
are massaged and milked prenatally, which seems to have a beneficial effect 
in avoiding milk-fever and mastitis. 

The Tharparkar cattle resist high diurnal temperatures and extreme 
variations in temperature. They have long loose dewfolds with sweat 
glands. During the hot summer days the temperature at Karnal reaches 
a maximum of 118° F., and the animals do not suffer any adverse effects 
from such high temperatures. 

P15 The Use of the Pen Barn as a Means of Mastitis Control. P. L. 
Kelly, D. F. Breazeale, G. S. Harshfield, and A. B. Hoerlein, 
South Dakota State College. 

i Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station, Journal Series no. 1052. 
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From November 28, 1945, to April 1, 1946, dairy cows of comparable 
quality were divided into two groups. Twenty-seven remained in a 
regular stanchion barn and 13 were placed in a loafing shed. On the 
basis of strip cup tests, 11 cows in the stanchions and 4 cows in the pens had 
attacks of mastitis. These data indicate a gain in the control of a mastitis 
infection by the use of a pen barn, in spite of the fact that stanchions which 
were exposed to possible drafts were not used. 

From November 28, 1946, to April 1, 1947, all cows were kept in stan¬ 
chions. On the basis of the strip cup test, only 6 cows of the average of 43.4 
actually in milk had attacks due to causes other than injury. All of these 
cows had had previous infection with Streptococcus agalactiae. This was 
true even though all of the stanchions were used. 

Apparently during periods of heavy infection with the usual organisms 
which cause mastitis, the use of a loafing shed where cattle can move at will 
and lie on a warm floor is an important means of getting the infection under 
control. However, after the amount of infection has subsided, the use of 
a pen barn for mastitis control is not so important. 

P16 Report on Attempts to Prevent Midsummer Slump in Milk Produc¬ 
tion by Hay Feeding. D. M. Seatii and G. D. Miller, Louisiana 
State University. 

A double-reversal experiment was conducted in 1946 with 20 cows over 
a period of 60 days to determine the advisability of feeding hay during 
warm summer months while cows are on pasture. This trial was conducted 
as a direct result of a previous experiment which showed that cows on hot 
days often spend less than 2 hours grazing between morning and evening 
milkings. In the present trial' at around 11 a.m. daily, cows were fed 
mixed white Dutch clover and canary grass hay in racks located in the 
shade. Two levels of hay feeding were tested. In one case the cows were 
limited to 0.5 per cent of body weight daily and in the other they were fed 
all they would clean up. Hay consumption averaged 4.69 lb. per cow daily 
under the first plan and 5.54 lb. daily for the second. 

Milk production records showed that the full hay-feeding plan produced 
significantly more milk than when no hay was fed. The increases averaged 
0.1 and 1.0 lb. milk per day per cow, respectively, for the two test groups. 
This increase would not be economically profitable. On limited hay the 
average increase was slightly less (0.4 and 0.1 lb. more per cow daily), again 
making the practice unprofitable under the conditions prevailing, which 
included excellent permanent pastures stimulated by abundant rainfall. 
Weather conditions were considered much better than average for pasture 
growth and may have influenced the results of the experiment. 
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P17 The Influence of Cracked Soybeans and Soybean Hay on the Flavor 
and Quality of Milk. Erle E. Bartley and C. Y. Cannon, Iowa 
State College. 

The Iowa dairy industry long has been troubled with the development 
of oxidized and other undesirable flavors in milk. Since soybeans are the 
chief source of homegrown protein in Iowa, some of these flavors were at¬ 
tributed to the feeding of soybeans on the assumption that soybeans in¬ 
crease the proportion of unsaturated fatty acids in butterfat and thereby 
would increase the susceptibility of milk to the development of oxidized 
flavor. 

Tests were made to determine the flavor effect on milk when cows were 
fed four different rations, two containing soybean hay and two alfalfa hay. 
The two grain mixtures fed were similar, except that one contained cracked 
soybeans and the other linseed meal. The rations were assigned to the 
cows within each group and between groups at random according to a 
latin square design so that each eow was fed each of the four rations in 
succeeding periods of 5 weeks each. The milk was collected in glass, well- 
tinned, and rusted tinned containers. 

Neither soybeans nor soybean hay as such seemed to affect adversely 
the flavor of milk; in fact, the milk scores were slightly higher when soy¬ 
bean hay was fed than when alfalfa hay was in the ration. This difference 
probably was due to a difference in quality of hay rather than to the variety. 
Contrary to results in a previous trial, the rusted tinned containers ad¬ 
versely affected the flavor of the milk regardless of whether the milk was 
produced from animals fed soybeans or not. This result was not unex¬ 
pected, for the exposed iron in the rusted tinned containers easily could act 
as a catalyst, accelerating the oxidation of the fat. 

P18 The Value of Adding Ground Alfalfa Hay to the Concentrate Mix¬ 
ture Fed with Prairie Hay in Rations for Dairy Cows. A. H. 
Kuhlman and H. W. Cave, Oklahoma A. & M. College. 

Economical and maximum milk production is possible only when bal¬ 
anced rations are fed. Because of critical shortages of high protein con¬ 
centrates in recent years, many farmers who use prairie hay or any other 
non-legume roughage often have been unable to secure sufficient quantities 
of cottonseed meal or similar feeds to prepare suitable home-mixed dairy 
concentrates. 

Two feeding trials have been completed in which ground alfalfa hay was 
used to replace part of the cottonseed meal and other feeds in a concentrate 
mixture suitable for use with prairie hay. In each trial two lots of six 
cows each were fed the control and experimental mixtures in three 30-day 
periods according to the double reversal plan commonly used in feeding 
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experiments with dairy cows. One cow was removed from the experiment 
during the second trial because of a very sudden decline in milk production. 
Results, therefore, are based on the records of 23 cows. 

Prairie hay was fed to each cow at a level such that the hay supplied an 
amount of total digestible nutrients equivalent to her requirements for body 
maintenance. The control concentrate mixture contained 350 lb. ground 
no. 2 yellow corn, 200 lb. ground oats, 200 lb. wheat bran, and 250 lb. cotton¬ 
seed meal. The experimental mixture consisted of 245 lb. ground no. 2 
yellow corn, 140 lb. ground oats, 140 lb. wheat bran, 175 lb. cottonseed meal, 
and 300 lb. ground alfalfa hay. On the basis of Morrison’s values for the 
average composition of feeds, the control mixture contained 15.5 per cent 
digestible protein and 75 per cent T.D.N., while the experimental mixture 
contained 14.0 per cent digestible protein and 68 per cent T.D.N. 

The two rations were equally efficient in maintaining body weights and 
milk production. All cows were weighed daily during the experiment. The 
average daily weight of the 23 cows was 1,085 lb. while fed the control ration 
and 1,102 lb. when fed the experimental ration containing the ground alfalfa 
hay. The average daily yield of 4 per cent fat-corrected milk per cow in the 
two trials was 29.67 lb. on the control ration and 29.50 lb. on the experi¬ 
mental ration. 

For each 100 lb. of 4 per cent F.C.M. produced, the cows consumed 
50.76 lb. of concentrates and 59.66 lb. of prairie hay when fed the control 
ration and 56 lb. of concentrates and 60.37 lb. of prairie hay on the experi¬ 
mental ration. 

Ground alfalfa hay as fed in this experiment replaced 30 per cent of the 
concentrates in the control ration and effected a saving of 22.8 per cent of 
the cottonseed meal required. Each 100 lb. of alfalfa hay fed in the ex¬ 
perimental ration replaced 24 lb. corn, 13.8 lb. oats, 13.8 lb. wheat bran, 
and 17.2 lb. cottonseed meal. At current feed prices ground alfalfa hay 
can be used advantageously in a prairie hay ration for dairy cows. 

P19 The Partition of Lipids by the Lactating Dairy Cow as Influenced 
by Certain Mineral Supplementation. G. M. Ward and J. T. 
Reid, Rutgers University. 

The effects of calcium -and other mineral supplements upon the metabo¬ 
lism of lipids were investigated during the first 5 months of lactation of 
eight Holstein and four Guernsey cows. The study was initiated after 
the observation was made that cows receiving supplemental calcium excreted 
a much smaller proportion of the crude fat (ether extract) intake by way 
of the feees than did their controls not receiving supplemental calcium. 

An oxidative method was devised for the estimation of various lipid 
fractions in feeds and feces, employing chloroform as the solvent, doucil 
(an artificial zeolite) as the phospholipid adsorbent, and dichromate as the 
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lipid oxidant. The procedure gave satisfactorily reproducible results and 
an efficient recovery of various classes of lipids. 

All animals excreted similar proportions of the total lipid intake regard¬ 
less of the mineral supplement(s) received. Although increased intakes of 
calcium tended to spare the fraction consisting of neutral fat, sterols and 
waxes and the fraction containing chiefly phospholipids, there was a cor¬ 
responding increase in the excretion of the fraction comprised of soaps 
and free fatty acids, indicating that mineral supplementation was without 
effect upon the total lipid economy of milking cows but was qualitative 
rather than quantitative in effect. The observed differences relative to the 
smaller proportion of ingested ether extractives lost in the feces of animals 
receiving supplemental calcium were attributed to an increased formation 
of soaps, which were not measured in the feces of these animals because 
of the insolubility of soap in ether. 

Thefce results indicated that the estimation of crude fat by the commonly 
employed ether extraction procedure is apt to be misleading in experiments 
involving the analyses of dairy cow feces. 

During the relatively short period of experimentation no apparent rela¬ 
tionship existed between the efficiency of lipid use and the stage of lactation. 

P20 Cobalt Tolerance in Young Dairy Cattle. H. A. Keener, G. P. 

Percival, and K. S. Morrow, University of New Hampshire, and 
G. H. Ellis, U. S. Plant, Soil and Nutrition Laboratory, Ithaca, 
New York. 

Cobaltous sulfate was fed to young Holstein cattle at levels varying 
from 5 to 125 mg. of cobalt per 100 lb. of body weight per day. Certain 
levels of cobalt feeding were maintained for periods up to 34 weeks, al¬ 
though some animals actually received cobalt continuously for periods up 
to one year. One 2-year-old Holstein heifer was fed the equivalent of over 
230 mg. of cobalt per 100 lb. of body weight per day for 28 days. 

The first effects of excessive cobalt consumption observed were increased 
hemoglobin, red blood count, and packed red cell volume. These effects 
usually were observed only after a considerable period on the higher levels 
of cobalt intake. On the highest levels a few animals went off feed, con¬ 
sumed less water, and exhibited a rough hair coat and an unsteady gait. 

It would appear that growing dairy cattle may consume about 50 mg. 
of cobalt per 100 lb. body weight per day without ill effects: This value is 
well over one hundred times the amount normally consumed from com¬ 
mercial cobalt-supplemented dairy rations. 

P21 Phosphorus Metabolism Studies. I. Secretion and Partition of 
Dietary Radioactive Phosphorus in the Milk of the Dairy Cow. 
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C. L. Comar, R. B. Becker, P. T. Dix Arnold, W. A. Krienke, 
and George K. Davis, Florida Agricultural Experiment Station. 

Separated phosphorus 32 from the United States Atomic Energy Com¬ 
mission is being used in studies of phosphorus metabolism and particularly 
phosphorus secretion in milk. Radioactive phosphorus was administered 
quantitatively in feed as disodium phosphate solution. Measurements were 
made with a dipping type Geiger-Mueller tube directly on the milk when 
there was sufficient activity, or on an ash solution when concentration was 
necessary. 

The phosphorus was given in the afternoon feeding as a single dose to 
each Jersey cow selected from the Station herd. Milk samples were taken 
the following morning and at subsequent regular milkings twice daily. 
The highest concentrations of radioactive phosphorus always were found in 
the first three milkings, decreasing regularly thereafter. Activity has been 
observed in the milk 17 days after administration of the single dose. 
Present data, considered as preliminary, may be summarized as follows: 
With three animals near the peak of lactation (31 to 44 days), and produc¬ 
ing 33 to 22 lb. of milk daily, 15.1 to 12.2 per cent of each phosphorus dose 
was secreted in the milk during the following 10 days. Three other cows 
in mid-lactation (129 to 196 days), producing 20.8 to 16.2 lb. of milk daily, 
secreted 8.1 to 7.3 per cent of the dosage in the milk during 10 days. 

Fractions of the milk in which none of the radioactive phosphorus was 
found were the butterfat, the ether extracts of the buttermilk, and the 
lactalbumin. The casein fraction, whether prepared by acid precipitation 
followed by washing or purified according to the Hammarsten procedure, 
contained an average of 25 per cent of the radioactive phosphorus present 
in the skim milk from which it was obtained. The sum of the casein and 
acid serum values agreed with the activity as measured in the original skim 
milk. 

P22 Feeding Value and Digestibility of Dehydrated Sweet Potatoes. 
L. L. Rusoff, D. M. Seath, and G. D. Miller, Louisiana State 
University. 

Within the past few years dehydrated sweet potatoes have bqpn used 
more and more in the southern states as a carbohydrate feed for livestock. 
The nutritive value of dehydrated sweet potatoes for dairy cows has been 
investigated at the Louisiana Station. Three feeding trials and four diges¬ 
tion trials were run on dehydrated sweet potatoes representing products 
produced in 1944,1945,1946, and 1947. The percentage composition on the 
dry basis of the 1947 dehydrated sweet potatoes, which is a typical analysis, 
showed 85.35 per cent dry matter, 4.17 per cent crude protein, 1.15 per cent 
crude fat, 4.46 per cent crude fiber, and 84.44 per cent N.F.E. 
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In feeding trials with dairy cows, dehydrated sweet potato meal was 
found to be equal to approximately 88 per cent of yellow corn. Milk pro¬ 
duction and butterfat yields favored yellow corn meal by 4.05 and 4.55 per 
cent, respectively. Daily milk production for cows on the dehydrated sweet 
potatoes was 24.9 lb. compared with 25 lb. for cows fed ground snapped corn, 
with allowance made for cob and shuck. Dehydrated sweet potatoes made 
from whole tubers were palatable, while a product made from culled, bruised, 
sectioned potatoes and peelings was slightly unpalatable. 

Digestion trials showed that dehydrated sweet potatoes contained from 
71 to 81 per cent T.D.N. The N.F.B. was highly digestible, while the other 
constituents showed an apparent lack of digestibility. Since the N.F.E. 
made up over 84 per cent of the dry matter of the dehydrated sweet potatoes, 
the other constituents would have but a small effect on the T.D.N. 

Dehydrated sweet potato meal is of value in the dairy ration not only 
because of its high digestibility of carbohydrate but also because of its high 
carotene content. 

P23 Studies on the Globulins of Bovine Colostrum. I. Isolation and 
Properties of a Water Soluble Globulin. 1 R. G. Hansen and 
P. H. Phillips, Department of Biochemistry, University of Wis¬ 
consin. 

Globulin protein has been isolated from colostrum by precipitation with 
alcohol in the cold, under carefully controlled conditions of alcohol concen¬ 
tration, pH, protein concentration, salt concentration, and temperature. 
This material probably contains the euglobulin and pseudoglobulin of Howe. 
A water soluble globulin also has been isolated from colostrum by ammonium 
sulfate fractionation according to the method of E. L. Smith. This material 
was found to be homogenous in the ultra centrifuge and about 95 per cent 
homogenous when subjected to electrophoresis. 

Amino acid determinations have been made on this protein by micro¬ 
biological assay. The analyses indicate a striking similarity in amino acid 
composition to purified human serum gamma globulin. A difference from 
the casein and the /Mactoglobulin of normal milk was indicated. In agree¬ 
ment with the findings of Smith, the most highly purified globulin contains 
carbohydrate material. The purified globulin has been fed to new-born 
calves and was found to increase the gamma globulin fraction of the blood 
serum. Electrophoretic studies indicate a similarity between these two 
proteins. Attempts to stimulate development of the serum gamma globulin 
fraction of the deficient calf, by seeding with an intravenous injection of 
the colostrum globulin at a level of approximately one twenty-fifth of the 
normal amount of gamma globulin present, were unsuccessful. . 

* We wish to express our appreciation to Prof, J. W. Williams for his cooperation 
and to Messrs. L. A. Henderson and R. L. Potter for amino acid analyses. 
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P24 Studies on the Globulins of Bovine Colostrum. II. The Absorption 
of Globulins by the Young Calf. 1 R. G. Hansen and P. H. 
Phillips, Department of Biochemistry, University of Wisconsin. 

Electrophoretic measurements on the serum of calves fed colostrum 
and on the serum of colostrum-free calves have been extended. In agree¬ 
ment with existing data, there is a marked increase in the slow-moving 
globulins (gamma globulins) of the young calf upon the ingestion of colos¬ 
trum. If the new-born calf is given only normal milk, followed after 36 
hours by colostrum, no increase in these serum protein fractions is noted. 

An enzyme preparation from the gastric mucosa and chyme of a normal 
calf fed with colostrum was partially successful in preventing the increase 
of globulins of the blood serum in new-born calves. 

If calves were raised on a ration free of colostrum, the blood serum 
remained low in its content of the gamma globulins until the calf was about 
8 weeks of age, at which time the gamma globulin concentration approached 
a normal value. 

Colostrum placed directly by operative technique into the small intestine 
of a gamma-globulin deficient calf at 2 weeks of age resulted in no measur¬ 
able increase in the blood serum globulins. 

These results suggest that a probable combination of increased digestive 
activity and variation in the permeability of the gut is responsible for the 
above observations. 

P25 Tocopherol Levels in the Colostrum and in the Early Milk of the 
Dairy Cow. D. B. Parrish, G. H. Wise, and J. S. Hughes. 
Kansas Agricultural Experiment Station. 

The tocopherol content of colostrum and of early milk from dairy cows 
of four different breeds was determined for the first four and the eighth 
days postpartum. Wide individual differences were observed. In all cases 
in which cows had the usual dry-rest period, with or without dietary toco¬ 
pherol supplement, the average rate of decrease during the colostric period 
followed roughly an exponential curve with approximately the same slope 
for all individuals. Supplements of 500-1,000 mg. of tocopherol starting 
one month prepartal increased the tocopherol content of first colostrhm 30 
to 50 per cent above that in the colostrum of cows receiving no supplement ; 
10 g. of tocopherol per day increased the tocopherol in colostrum four to five 
times above the level for unsupplemented cows. 

During the first four days, a 100-lb. calf fed at the rate of 10 lb. of 

colostrum daily would receive from its dam on an unsupplemented ration 

28 to 86 mg. of tocopherols; from dams supplemented with 500 to 1,000 mg. 
* 

i We wish to express our appreciation to Professor J. W. Williams for his coopera¬ 
tion and to Dr. C. K. Whitehair for performing the operation. 
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•of tocopherol daily, 61 to 185 mg.; and from dams supplemented with 10 g. 
tocopherol daily, 205 to 373 mg. Ingestion of colostrum caused a rapid 
increase in the tocopherol level in the blood serum of the new born calf, 
being most marked when prepartal intake of tocopherols by the dam was 
high. The nutritional significance of tocopherols in the diet of the calf 
has not been established. 

P26 Action of Bacterial Filtrates Infused into the Mammary Gland. 

Max L. Dawdy and W. E. Petersen, University of Minnesota. 

Bacterial-whey filtrates have been infused via the teat canal into the 
mammary gland in an attempt to find the causative mechanism in bovine 
mastitis. The pathogenic organisms, two Staphylococcus species, three 
species of the coliform group, and one culture of S. agalactiae in pure cul¬ 
ture have been obtained from various acute and chronic mastitic quarters. 
Fresh whey from casein precipitation with rennet, the only medium found 
non-irritating to the tissue, rendered sterile by means of the Seitz filter, was 
inoculated with the desired culture and incubated 24, 48, and 72 hours at 
37° C. The sterile filtrate was obtained by the Seitz filter and infused into 
the mammary gland in quantities of 2.5, 5, and 10 ml. 

The filtrate from the coliform groups, when infused, results in all the 
manifestations of acute mastitis, with equal degree, regardless of volume 
infused or incubation time. A direct correlation with incubation time 
results with the staphylococcus, and no reaction results in the case of the 
filtrates of $. agalactiae. 

Intramammary infusion of the filtrates into a large number of normal 
quarters consistently has produced the following manifestations: (a) Hard¬ 
ness and swelling of the quarter in 1 to 2 hours, (b) Clots in the milk in 
2 to 4 hours, with the infused quarter up to twice its normal size, (c) Shiv¬ 
ering, humped back, and pilo-crection for 2 to 4 hours, followed by body 
temperature increases of 4 to 6° F., usually reaching a peak in 6 to 8 hours. 
Acute inflammation of the quarter also occurs, (d) Rapid fall of body 
temperature to about normal at 12 hours, (e) Drop in milk production, 
(f) Decrease in swelling and inflammation at about 24 hours, but palpable 
thickness of the infused quarters with physically abnormal milk persisting 
mahout 4 days. 

Although the effective product of the filtrate yet is undetermined, its 
.action has similarity to bacterial toxin reactions. In mice of 8 weeks of 
age, an M.L.D. of 0.6 ml. of the coliform filtrate was determined, but a lethal 
•dose of the staphylococcus filtrate has not been reached. Red blood cells 
are hemolyzed almost completely. The clots obtained have a physical re¬ 
semblance to blood fibrin clots. The milk drawn 1 to 2 hours following 
infusion can be shown to react to the anti-coagulation mechanism of blood 
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by citrate and subsequent coagulation with calcium chloride, suggesting 
that the clots found in mastitis may be the result of change in vascular per¬ 
meability to blood proteins. 

P27 The-Effect of Intramammary Treatment for Mastitis upon Milk 
Production. 1 Eric W. Swanson and H. A. Herman, Department 
of Dairy Husbandry, University of Missouri. 

A major consideration in the intramammary treatment of lactating cows 
infected with streptococci but not showing clinical mastitis is the effect such 
treatment will have upon milk production. Since the use of sulfanilamide 
in oil and penicillin in water seemed to cause the least reaction of any mas¬ 
titis-treatment materials injected into the udder, the effect of these upon 
milk production has been studied in the University of Misouri herd. The 
average daily milk production was computed for 3 days prior to treatment, 
during treatment, and for 7 days after treatment, with critical comparisons 
being made between the pretreatment average and the average production 
during treatment. Sixty-three series of treatments with sulfanilamide in 
iodized mineral oil, injected once daily for 4 days, were studied ; % 19 series 
of treatments with penicillin in distilled water, injected twice daily for 2 
days, were included. 

Treatment with penicillin did not cause a significant change in milk 
production. The average change was a decrease of 1.56 lb. per day, but 
10 of the 19 cows increased in production during treatment. The sulfanil¬ 
amide treatments were analyzed according to the number of quarters treated, 
amount of milk produced, and size of injection. Tn all groups a significant 
decrease in milk production occurred, and the pretreatment level was not 
attained until about 7 days following cessation of treatment. The average 
decreases in daily production when one, two, three, or four quarters were 
treated were, respectively, 2.59, 3.07, 3.43, and 3.23 lb. Differences due to 
number of quarters treated were not significant. This- would indicate that 
the cause of the decline may not be a simple mechanical or chemical effect 
upon the milk secreting tissue but may be due to greater effects, possibly of a 
systematic nature which affects milk secretion of the entire udder when one 
or more quarters are infected. Decreases did not vary directly wkh pro¬ 
duction, averaging 1.71 lb. for 1- to 20-lb. producers, 3.71 lb. for 21- to 40-lb. 
producers, and 2.40 lb. for producers above 40 lb. The high-producing cows 
seemed to reach their pretreatment level faster than low-producing cows 
following cessation of treatment. Differences between decreases Irom 50, 
60, and 80 ml. injections were not significant, although five of six cows given 
80 ml. injections declined more than when 60 ml. were injected. 

1 Contribution from the Department of Dairy Husbandry, Missouri Agricultural 
Experiment Station, Journal Series no. 1047. 
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P28 The Use of Penicillin in the Treatment of Mastitis vs. Natural 
Recovery. D. F. Breazeale, P. L. Kelly, G. S. Harshfield, and 
A. B. Hoerlein, South Dakota State College. 

These experiments have been in progress since May, 1945. Previous to 
this time various other medications had been used in this herd. Approxi¬ 
mately one-half of the cows had mastitis when the penicillin treatments were 
begun. Since penicillin could be obtained only in very limited quantities, 
10 cows showing the most extensive indurations, and therefore thought to 
be least likely to yield to treatment, were isolated from the main herd. 
About 3 months later they were returned to the main herd and treated. 

Diagnostic methods used were: (a) udder palpations, (b) daily strip cup 
tests, (c) microscopic examination of incubated samples for types of bacteria 
and numbers of leucocytes, and (d) growth of organisms on blood agar fol¬ 
lowed by identification of streptococci and coagulase tests on staphylococci. 

With the exception of a few of the first cases, the dosage of penicillin 
was standardized at 100,000 Oxford Units per treatment per quarter. This 
was dissolved in 100 ml. of sterile distilled water and was infused into the 
udder by gravity. Eighty-seven quarters were treated during the first 
year and 28 during the second year. Quarter samples were examined at 
monthly intervals during the first year and at quarterly intervals during 
the second year. The progress of all treatments was followed bacteriologi- 
cally a few days after the injection of penicillin and at the regular samplings 
as long as the cow remained in the herd. The data reported below do not 
include the work done since January 1, 1947. 

Of 73 quarters treated for Streptococcus agalactiae, 77.7 per cent became 
negative to this organism for one month or longer; however, 50 per cent of 
these “cured” cases again became positive to this organism at varying time 
intervals, averaging 5.9 months. 

When the treatments for 8. agaXactiae are divided into cases of recent 
infection (found on one examination only) and those of longer duration, 
the data show 90 per cent “cures” in the first group and only 59 per cent 
in the latter. 

8. agalactiae were found in routine samplings of 37 quarters not treated. 
No attempt was made to select these cases. The majority of these occurred 
during a period of about 6 months (the first half of the second year) in 
which no penicillin was used; a few cases occurred during the first year. 
Of these 37 quarters not treated, 43.3 per cent became negative to S . agalac - 
the . When these cases are divided into those which were positive only once 
in routine examinations and those of longer duration, 65.2 per cent became 
negative in the first group and only 7.1 per cent in the latter group. This 
suggests that in some of the cases in which S. agalactiae was found the infec¬ 
tion was not firmly established. 
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Eighteen quarters positive for staphylococci were treated with penicillin. 
Some of these quarters were treated several times. Only 50 per cent of 
these became negative to the organism, and 44.4 per cent of these “cures” 
again were positive after an average time elapse of 1.5 months. 

Staphylococci were found in routine samplings of 93 quarters not treated; 
76.4 per cent of these became negative to this organism. When these cases 
are divided into those in which the organism was found in only one sampling 
and those of longer duration, 83.8 per cent in the first group became nega¬ 
tive and 47.4 per cent in the second group. Apparently many of these cases 
were not firmly established infections. 

P29 The Use of Quaternary Ammonium Compounds for Washing the 
Udders of Dairy Cows. Robert H. Keith and Paul M. Reaves, 
Dairy Husbandry Department, Virginia Polytechnic Institute. 

Recently a number of quaternary ammonium compounds effective in the 
sterilization of dairy utensils have been developed. In order to study their 
value in washing the udders of dairy cows just prior to milking, these prod¬ 
ucts were compared with chlorine and with a plain water wash. The results 
indicate that they are effective as sanitizing agents. They also appear not 
to cause the hands of the milker or the teats of the cow to chap, as chlorine 
often does when used in hot water and especially in cold weather. Emul- 
sept, Hyamine T, B T C, and Roccal were used in these trials. 

P30 The Effect of Reduced Feed Intake on Mammary Growth and Lac¬ 
tation. J. F. Sykes, T. R. Wrenn, and S. R. Hall, Bureau of 
Dairy Industry, Agricultural Research Administration. U. S. De¬ 
partment of Agriculture. 

The effect on mammary growth and subsequent lactation of restricting 
a group of rats to 70 per cent of the feed consumption of litter mates fed 
ad libitum during the growing period and through pregnancy has been 
studied. At parturition mammary glands were obtained from half of each 
group and the remaining half allowed to nurse litters for 21 days on full 
feed to correlate observed mammary growth at parturition with subsequent 
lactation. 

« 

The results obtained indicate that feed restriction during the growing 
period and pregnancy reduces the size of the mammary gland out of propor¬ 
tion to the reduction in body size.. However, if access to sufficient feed is 
allowed after parturition, a rapid growth takes place and the glands actually 
may lactate more efficiently than those which were better developed at par¬ 
turition. 

P31 Further Studies on the Effect of Vitamin D and of Parathyroid 
Extract, “Paroidin”, on the Blood Changes of Normal and Milk- 
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Fever Cows at Parturition. J. W. Hibbs, W. D. Pounden, and 
W. E. Krauss, Ohio State University. 

Previous experiments have shown that the administration of from 2 to 5 
million units of vitamin D daily, in the form of irradiated dry yeast or 
“Viosterol,” for from 2 to 4 weeks prepartum will increase serum calcium 
and phosphorus at parturition. However, the increases thus obtained are 
nullified completely in both normal and milk-fever cows within 12 hours 
postpartum, or before milk fever usually occurs. No lowering of milk fever 
incidence could be demonstrated in these experiments. 

The possibility was recognized that the previous vitamin D feeding 
periods might have been too long. The feeding of vitamin D for extended 
periods of time is known to suppress parathyroid activity. Experiments in 
which the increases in serum calcium and phosphorus were followed closely 
after the initiation of vitamin D feeding to non-parturient cows showed that 
a peak is reached in from 10 days to 2 weeks. Therefore it was decided to 
study the effect on the blood serum calcium and phosphorus of feeding 
massive doses of vitamin D (10 million units daily) beginning 5 to 7 days 
prepartum. The serum calcium and phosphorus thus would be increasing 
at parturition and possibly the calcemic action of vitamin 1) would not be 
masked by parathyroid suppression. 

Results to date, although the numbers are few, indicate that the serum 
calcium and phosphorus were increased at parturition, and that the usual 
postpartum decrease was slight as compared to the control cows when this 
system of vitamin I) supplementation was used. 

Parathyroid extract, “Paroidin”, when injected subcutaneously into 
non-parturient cows in single doses of from 2 to 3 thousand units, regularly 
caused an increase of from 1.5 to 2 mg. per 100 ml. in serum calcium and 
phosphorus, reaching a maximum in from 15 to 20 hours after injection. 

When 3, 4, and 5 thousand units, respectively, of << Paroidin ,, were 
administered to three cows with early milk fever symptoms, no benefit could 
be detected. A fourth cow was injected with parathyroid extract (4,000 
units) and also was fed 10 million units of vitamin D on the day before 
parturition and again at the time of the injection. This cow was exhibiting 
mild early milk fever symptoms at the time of injection. She did not go 
down with milk fever, and the serum calcium remained constant at about 
6.50 mg. per 100 ml. for about 24 hours. The serum calcium level was found 
to be normal after 48 hours. 

It is believed that the 1 failure to mobilize calcium from the skeletal re¬ 
serves in milk fever is due either to a failure of the parathyroid glands to 
secrete sufficient hormone or to the situation in which sufficient hormone is 
secreted but is rendered temporarily inactive by some metabolic condition 
in the tissues at parturition. 
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Vitamin D yet may prove to be beneficial in the control of milk fever 
if a suitable dosage administered at the proper time can be determined. 

P32 The Effect of the Quality and Quantity of Feed Prepartum and 
Postpartum upon Blood Glucose and Blood Acetone Bodies. 

J. C. Shaw and G. M. Cairns, Maryland Agricultural Experiment 
Station. 

Thirty cows were divided into six groups and placed on an experiment 
beginning 16 weeks prepartum and ending 4 weeks postpartum. All of the 
cows received 140 per cent of requirements during the first 8 weeks, 180 per 
cent during the second 8 weeks, and either 50 per cent postpartum for 3 
weeks followed by 100 per cent or 100 per cent for the entire 4 weeks post¬ 
partum. 

The rations fed were designed to study the influence of the fat, protein, 
soluble carbohydrate,.and vitamin A content of the prepartal ration upon 
the postpartal level of blood glucose and blood acetone bodies. 

While several of the cows developed a marked hypoglycemia, none ex¬ 
hibited ketonemia. The data provide conclusive evidence that a vitamin A 
deficiency in dairy cows does not produce ketosis even on fasting. A lim¬ 
ited T.D.N. intake of 50 per cent postpartum produced hypoglycemia most 
frequently and of a greater severity in those cows in which the total T.D.N. 
requirements were greatest. The data also demonstrated that a deficiency 
of blood glucose alone is insufficient to produce ketosis. High soluble carbo¬ 
hydrate rations fed both prepartum and postpartum did not aid in prevent¬ 
ing hypoglycemia. A high fat-low protein ration during the prepartal 
period, followed by limited feed intake postpartum, did not produce ketosis 
and did not result in any greater hypoglycemia than some of the other 
treatments. 

The summarized results differ in some respects from those obtained at the 
University of Connecticut, where both hypoglycemia and ketonemia were 
observed (unpublished). However, in these experiments energy intake was 
maintained at 60 per cent of requirements for 2 weeks preceding parturition 
and at 50 per cent following parturition. Likewise, the latter animals may 
have been in somewhat better condition. While the blood acetone bodies 
may exhibit an inverse relationship to the blood glucose, such relationship 
does not hold under all conditions. This indicates that while energy intake 
undoubtedly plays a role in the development of ketosis, it is not the only 
factor involved and, indeed, may not be the most important factor. 

P33 Vitamin A Deficiency in Dairy Cattle on Rations Containing 
Ground Raw Soybeans. J. C. Shaw, Maryland Agricultural 
Experiment Station, and L. A. Moore and J. F. Stkes, Division 
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of Nutrition and Physiology, Bureau of Dairy Industry, Agricul¬ 
tural Research Administration, U. S. Department of Agriculture. 

Twelve cows receiving a low-carotene timothy hay and a concentrate con¬ 
taining 40 per cent raw soybean meal for 4 months prepartum dropped 
calves showing signs and symptoms of a vitamin A deficiency. One cow 
exhibited incoordination and five retained their placentas. Four cows on 
a basal ration not containing soybean meal dropped two calves which ap¬ 
peared to be completely normal and two dead calves. There appeared to be 
no way of ascertaining whether the two calves died of a vitamin A deficiency. 
None of the four controls retained their placentas. All of the cows, both 
controls and normals, exhibited low levels of plasma vitamin A following 
parturition. The plasma vitamin A levels of the calves showed little or no 
increase after receiving colostrum milk from their dams for 5 days. The 
lowest plasma vitamin A levels were observed in calves whose dams received 
the soybean ration unsupplemented by vitamin A. 

Five cows received the soybean ration for 4 months prepartum, supple¬ 
mented by the feeding of 400,000 I.ll. of a vitamin A concentrate for the 
last 4 weeks prepartum. Four of the five appeared to be normal at birth. 
The fifth appeared to be normal but died of bacteremia on the second day. 
The plasma vitamin A of the four calves increased markedly after receiving 
colostrum milk from their dams. 

An additional experiment was conducted with calves to obtain further 
information on the possible detrimental effect of raw soybean meal when 
fed to dairy cattle on low levels of carotene intake. Four calves at 4 months 
of age were partially depleted of vitamin A on Moore’s vitamin A-deficient 
ration, after which they received 32 fig. of carotene per day per pound of 
body weight. Two of the calves were continued on the basal ration and two 
received a similar ration to which raw soybean meal was added to the extent 
of 30 per cent. Blood plasma vitamin A was determined weekly and liver 
vitamin A was determined at the end of the experiment. The plasma vita¬ 
min A consistently was lower in the two calves receiving the ration contain¬ 
ing the raw soybean meal, averaging 5.64 and 6.60 fig. per cent, whereas that 
of the control calves was 9.60 and 9.32. The liver vitamin A (wet basis) 
was 0.72 and 2.75 fig. per g., respectively, for the calves on the soybean ration 
and 9.07 and 9.22 fig. per g. for the calves on the basal ration. 

P34 Values of Regular Corn Silage, Grainless Corn Silage and Ear Corn 
Silage in the Dairy Ration. K. M. Dunn, R. E. Ely, and C. F. 
Huffman, Michigan Agricultural Experiment Station. 

Fifteen lactating cows depleted of unknown lactation factors were used 
in these studies. The method used to determine the relative feeding value 
of total digestible nutrients of various feeds was designed by Huffman (Jour. 
Dairy Sci., 21: 101. 1938). 
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Results of the feeding trials indicated that grainless com silage was 
equal to clover hay on a total digestible nutrient basis for milk production. 
When corn grain replaced grainless corn silage on a total digestible nutrient 
basis, there was a daily increase of 2.5 lb. of 4 per cent fat-corrected milk 
during the fourth 3-day period. 

The replacement of part of the clover hay with ear-corn silage on a total 
digestible nutrient basis resulted in a significant increase in milk production. 
This increase reached its peak during the fifth 3-day period, at which time 
there was an average daily increase of 4.7 lb. of 4 per cent fat-corrected 
milk. The total digestible nutrients in ear-corn silage was equal to the total 
digestible nutrients in corn-and-cob meal for milk production. 

When grainless com silage plus corn-and-cob meal replaced regular corn 
silage, no significant change in milk production occurred. These data indi¬ 
cate the corn grain in corn silage is equal to dry corn grain stored in a crib 
for milk production. 

Com grain and ear-corn silage carried some unknown factor or factors' 
that stimulated milk production. The clover hay used in these studies ap¬ 
peared to be low in these factors. 

P35 Carotene Losses from Artificially Dehydrated Alfalfa and from 
Artificially Dehydrated Alfalfa Silage. 1 R. G. Washbttrn, W r . E. 
Krauss, and C. F. Monroe, Ohio Agricultural Experiment Station. 

A study was made of the carotene losses from artificially dehydrated 
alfalfa meal and from the same material preserved as artificially dehydrated 
alfalfa silage. 

In June, 1946, a field of alfalfa was divided into two parts. One part 
was field harvested, the crop immediately dehydrated in a commercial dehy¬ 
drator, and then ground, sacked, and stored in a barn. The remaining part 
was ensiled with the addition of molasses. This silage remained in the silo 
until mid-December, 1946, when it was dehydrated, ground, and stored until 
the latter part of January, 1947. 

The loss in carotene from the artificially dehydrated alfalfa meal, stored 
in the barn from July, 1946, to May, 1947, was 48 per cent. The alfalfa 
meal stored at the place of dehydration had a loss in carotene from* July, 
1946, to April, 1947, of 55.5 per cent. 

The amount of carotene lost during the period that the alfalfa was 
ensiled and then dehydrated, i.e., from June, 1946, until mid-December, 
1946, was 30 per cent. 

Although there was more carotene in dehydrated alfalfa silage than in 
stored dehydrated alfalfa meal, the physical characteristics of the dehy- 

* The alfalfa meal and dehydrated silage were made and shipped to the Ohio Experi- 
ment&Station by the Farm Bureau plant at Payne, Ohio. 
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drated silage were such as to question the advisability of attempting to 
preserve carotene in this way for the production of commercial alfalfa meal. 

P36 Silage Density: Effect of Pressure and Crop Condition. A. E. 

Perkins and R. G. Washburn, Ohio State University. 

Sixteen series of silo presses with 12 to 18 in each series have been filled 
and carried through an observation period of about 35 days. The crops 
used were corn or meadow crop mixtures in which alfalfa, clover, and 
timothy predominated. 

Usually one material at three different degrees of dryness was cut uni¬ 
formly. Weights of crops which supplied about the same amount of dry 
matter were packed lightly into the silo presses. 

The initial depth was recorded and a series of weights, ranging from 
1 to 16 lb. per sq. in. of silage surface simulating the pressures thought to 
prevail at different levels in farm silos, was applied to the material of each 
degree of dryness. These weights remained in place throughout the experi¬ 
mental period. Depth readings were taken daily at first and then at longer 
intervals. The occurrence of any leakage was noted. 

The cross sectional area of the silo presses and the dry matter of the 
ensiled material were determined in advance. The volume and the density 
of the ensiled material as grams per cubic centimeter were calculated for 
each of the depth measurements and grouped for study. The following 
relationships were shown: 

1. A greater total weight, but a smaller weight of dry matter, could be 
stored in a given space with a green than with a drier crop. 

t 2. The volume shrinkage or increase of density was greater and more 
rapid with the green or wetter crops than with those "which were drier or 
more mature. 

3. The greatest increase in dry matter density was obtained in the case 
of crops of 35-40 per cent dry matter. The greatest absolute density of dry 
matter, however, was obtained in the driest group, that above 50 per cent 
dry matter. 

4. When the results at all degrees of dryness were averaged to study 
the effect of varying pressure, the density increase was rather slow and small 
at 1 lb. per sq. in. pressure, less than 1 per cent for 1 day and only 9 per cent 
in 30 days. At 16 lb. per sq. in., the density increase was 53 per cent for 1 
day and 93 per cent for 30 days. 

5. Leakage from the ensiled material began when the density approached 
0.9 g. per cc., or about 56 lb. per cu. ft. 

6. The material remaining after extensive leakage at the higher pressures 
attained a density of 1.0 g. per cc., 62.5 lb. per cu. ft. or higher. 

7. The dry matter density of silage at low-to-medium pressures is equal 
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to that, of commercially baled hay, while silage at the higher pressures may 
contain twice as much dry matter per unit volume as baled hay. 

8. Contrary to the prevailing idea, the difference in density between corn 
silage and hay crop silage at corresponding dry matter and pressure levels 
was small. 

P37 The Comparative Feeding Value of Corn Silage and of Corn-treated 
Meadow Crop Silages, with and without the Addition of Dilute 
Acetic Acid. C. F. Monroe, A. E. Perkins, C. E. Knoop, and 
R. C. Thomas, Ohio State University. 

* Three silages were compared in a double reversal feeding trial which 
consisted of three periods of 35 days each. The silages were fed in six 
different sequences to a like number of outcome groups, each composed of 
one Jersey and two Holstein cows. With the exception of the kind of silage 
fed, all the cows received the same rations and general treatment. 

All the silages were made by a forage crop harvester which cut and 
chopped the crops in the field. The corn silage was of moderately good 
quality, made from a grain variety of hybrid corn. Both of the meadow 
crop silages were made from the same mixture, consisting of 72 per cent 
timothy, 22 per cent clover and alfalfa, and the remainder of weeds and 
volunteer wheat. To both of these silages approximately 100 lb. of ground 
corn were added per ton of material as it was being blown into the silo. In 
addition, one of the silages was sprayed with a 12.5 per cent solution of acetic 
acid at the rate of 5 gallons per ton. This small addition of acetic acid, 
amounting to 0.25 per cent, was made in the hope of controlling the original 
fermentation and thereby improving the quality of the product. The silage 
resulting from this treatment was of good quality, but only slightly better 
than the one which received the corn treatment only. Both the meadow 
crop silages and the corn silage contained approximately 28 per cent dry 
matter. 

The feed intakes were practically the same on all three of the silage 
rations. Likewise, the productions showed no significant differences. The 
average productions of 4 per cent milk (F.C.M.) for 28 days were as fol¬ 
lows : On corn silage, 777.4 lb.; on corn-treated meadow crop silage, 777.9 
lb.; and on corn and acetic acid treated meadow crop silage, 776.5 lfi. 

The carotene and vitamin A contents of the milk produced on the three 
silages showed little difference, although the meadow crop silages supplied 
from two to three times as much carotene as the corn silage. This lack of 
difference may have been due to the shortness of the feeding periods. 

P38 The Digestibility of Coarsely Ground and Finely Ground Alfalfa 
for Dairy Heifers. 1 Eric W. Swanson and A. C. Ragsdale, De¬ 
partment of Dairy Husbandry, University of Missouri. 

*i Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station, Journal Series no. 1050. 
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In the course of metabolism and digestibility studies with various feeds, 
it was noted that dairy heifers nearly ceased ruminating on certain rations 
containing finely ground roughage. This suggested a study of the effect of 
suppressed rumination upon digestibility. Alfalfa hay of medium quality, 
ground or chopped into three different degrees of fineness, was fed. Diges¬ 
tion coefficients were determined with 16-month-old dairy heifers, llumina- 
tion was normal on the coarse hay, noticeably depressed on the medium 
ground hay, and not observed on the finely ground hay. No undesirable 
effects were observed on any of the rations, and no significant differences 
were found between the rations in regard to digestion coefficients of total 
organic matter, total dry matter, or total digestible nutrients. The average 
T.D.N. was 53.48 ± 1.23 per cent for the finely ground, 52.01 dt 0.14 per 
cent for the medium ground, and 53.35 ± 0.70 per cent for the coarsely 
chopped alfalfa. Differences among the rations in the digestion coefficients 
of ether extract and crude fiber likewise were not significant. The digestion 
coefficient of nitrogen-free extract for the medium ground liay was signifi¬ 
cantly lower than for either the finely ground or coarse chopped hay. Protein 
digestibility also was lower for the medium ground hay than for the other 
two, but the differences were of doubtful significance. The results of the 
experiment would indicate that grinding alfalfa hay fine enough seriously 
to affect rumination docs not alter the digestibility. The data suggest that 
rumination may not be essential to proper digestion of roughage provided 
it is fine enough not to require remastieation. 

P39 Drying Requirements, Losses Caused by Drying, and Quality of 
Forage Obtained in Mow Hay-drying Experiments at Beltsville. 

J. B. Shepherd, II. G. Wiseman, and C. G. Melin, Bureau of Dairy 
Industry; L. G. Sciioenlebkr, Bureau of Plant Industry, Soils and 
Agricultural Engineering; and W. H. Hosterman, Production and 
Marketing Administration; IT. S. Department of Agriculture. 

Seven experimental lots of alfalfa or of mixtures of alfalfa, Ladino 
clover, and bluegrass, and two lots of a mixture of orchard grass and Ladino 
clover were dried on barn-sized mow hay finishers. Four lots were dried 
long and three were dried chopped, using 15 to 16 cu. ft. of unheated air 
per minute per square foot of floor area. Two lots of long hay, one loose 
and one field-baled, were dried with different quantities of air and supple¬ 
mental heat. No rainfall occurred between cutting and storage of any lot. 
The fan was operated almost continuously during the first 3 or 4 days of 
drying. The weather during drying was indifferent, and in some cases was 
poor for drying. 

All lots on which leaf determinations were made were either leafy or 
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extra leafy. The drying time was shortest, nutrient losses lowest, and the 
quality the highest when hay was stored with a low moisture content and 
dried in medium or shallow depths or dried with supplemental heat. Dry¬ 
ing time and nutrient losses increased, and the aroma, green color, and caro¬ 
tene content decreased as the moisture content of the hay increased and as 
the depth to which it was stored increased. Static pressures increased as 
the moisture content and the depth of hay increased. Fan use (per ton of 
dry matter preserved), supplying air at a uniform rate, was lowest with 
hays having low to moderate moisture contents, with hays stored at medium 
to deep depths, and with hays dried with supplemental heat; it was highest 
with hays having high moisture contents, hays stored at shallow depth, and 
hays dried with unheated air. Electricity consumption (per ton of dry 
matter preserved) was lowest for hay with low to moderate moisture content 
and for medium depths of hay, and highest with hay having a high moisture 
content and with hay stored at deep or very shallow depths. 

Samples taken at different depths after drying indicate that the green 
color and carotene content of the hay is greater at the bottom of the pile, 
which dries first, than at the top of the pile, which dries last. Carotene 
determinations made on various dates after drying show that there is a con¬ 
tinuous and considerable loss of carotene throughout the storage period from 
drying to feeding. 

The most feed was preserved and the best quality of hay was produced 
when the hays were dried in a week or less. Losses usually were moderate 
and the feeding quality very satisfactory when the hay was dried within 10 
or 11 days. 

Drying the hay down as much as possible in favorable weather without 
leaf shattering, limiting the quantity of hay to a reasonable depth, and using 
plenty of air in drying are recommended practices. 

The total weight of water in the hay was the principal factor affecting 
the length of the drying period, the losses from drying, and the quality of 
the hay. 

P40 Grazing Management Studies of Orchard Grass-Ladino Clover. 

P. S. Williams, V. G. Sprague, C. B. Knodt, and K. M. 4utrey, 
Department of Dairy Husbandry, Pennsylvania State College, and 
the U. S. Regional Pasture Laboratory, State College, Pennsylvania. 

A study is being conducted to determine the effects of different methods 
of grazing management upon the maintenance of clover and upon the diges¬ 
tible nutrient production of orchard grass-Ladino clover association. A 
field of orchard grass-Ladino clover which was established during 1944 was 
divided in the spring of 1945 into 15 plots approximately 0.7 of an acre in 
size. Five methods of management were randomized in three replications. 
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To determine the digestible nutrients produced, the plots were grazed accord¬ 
ing to the herbage present and the designated grazing scheme for that plot 
irrespective of the condition of the other replicates of the same treatment. 
In addition four samples of herbage were harvested with a 'mower from 
each plot just before the cattle were turned in for grazing. These samples 
were used to determine the dry matter yields, chemical composition of the 
forage, and the botanical composition of the sward. 

The digestible nutrient production from grazing of the various plots was 
determined by calculation of maintenance requirements, gains and losses in 
body weight, milk production, and barn feed intake of the cows while they 
grazed each plot, according to the methods recommended by the Joint Pas¬ 
ture Committee. 

The mean plot production during 2 years in terms of digestible nutrients 
obtained from grazing on the basis of the pounds per acre per treatment 
were as follows: 

I Early spring grazing, followed by rotational grazing, 2,930 

II Deferred spring grazing, followed by rotational grazing, 4,005 

III Early spring grazing, second crop cut for hay or silage and 

subsequent crops rotationally grazed, 3,460 

IV First crop cut for silage, subsequent crops rotationally grazed, 

2,896 

V Continuous grazing, 3.159 

While the mean production from the plots under deferred grazing was 
somewhat more than from those under other methods of management, a 
statistical analysis of the data for the first 2 years indicated no significant 
differences in digestible nutrient production between treatments, between 
plots, or between years under the conditions of this experiment. Decreases 
in the clover content of the sward have occurred under certain of the graz¬ 
ing management treatments, and accordingly changes in the relative pro¬ 
duction of the various plots may be expected in subsequent years. 

P41 The Evaluation of Several Grass-Legume Mixtures for Grass Silage 
and Aftermath Grazing. C. B. Knodt, V. G. Sprague, P. S. 
Williams, and K. M. Autrey, Department of Dairy Husbandry, 
Pennsylvania State College, and the U. S. Regional Pasture Labora¬ 
tory, State College, Pennsylvania. 

One of the most important pasture problems in the Northeastern United 
States is to provide nutritious herbage during midsummer. Since perma¬ 
nent pastures provide adequate grazing during the spring, the first crop 
from semi-permanent pasture is most valuable for hay or silage and the 
aftermath is grazed. In an effort to obtain information on the relative 
productivity of five associations of grasses and legumes throughout the 
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midsummer months, three replicate plots of approximately 0.3 acre in size 
of each of the associations were seeded in the spring of 1944. The first crop 
was harvested for silage when the grass was in the early head stage in the 
Ladino associations and from the alfalfa plots when the legume was in about 
the one-tenth bloom stage. The aftermath from all plots was grazed rota- 
tionally. The frequency of grazing was determined by the amount of 
herbage present on an individual plot and its stage of growth, irrespective 
of the condition of the other replicates or plots of the other associations in 
the study. 

The digestible nutrient production from grazing of the various plots was 
determined by calculation of maintenance requirements, gains and losses in 
body weight, milk production, and barn feed intake of the cows while they 
grazed each plot according to the methods recommended by the Joint Pas¬ 
ture Committee. The following digestible nutrient production was obtained 
from the various associations during the first 2 years of the experiment 
(expressed as pounds of digestible nutrients per acre): 


Grass-legume association 

Silage 

Grazing 

Total 

I Orchard grass-Ladino . 

2055 

2439 

4494 

II Orchard grass-alfalfa . 

2201 

3212 

5413 

Ill Bromegrass-alfalfa . 

3022 

1730 

4752 

IV Bromegrass-Ladino . 

2260 

1826 

4086 

V Timothy grass-Ladino. 

2386 

1900 

4286 


The 2-year averages obtained suggest that the bromegrass-alfalfa com¬ 
bination excelled in production of silage and that the orchard grass-alfalfa 
and orchard grass-Ladino clover associations provided the greater aftermath 
grazing. However, a statistical analysis of the data failed to reveal signifi¬ 
cant differences. 

P42 The Influence of Thyroprotein in the Ration of Dairy Cattle. 1 

Ralph P. Reece, New Jersey Agricultural Experiment Station. 

Eight dairy cows, past their lactational peaks, received 15 g. of thyro¬ 
protein daily for various periods of time (3 to 8.5 months). The average 
increase in milk production from the week prior to thyroprotein feeding to 
the highest subsequent weekly production was 24.8 per cent (range 7.9 to 
36.2). The fat content of the milk was increased initially in every instance; 
however, in one case it eventually decreased to a level below that observed 
prior to thyroprotein feeding. 

Two cows (621 and 652) received 15 g. of thyroprotein daily for 10 
weeks. Based on weekly averages, milk production of cow 621 increased 
from 30.7 to 40.0 lb. per day, and that of cow 652 increased from 23.4 to 

i Journal Series Paper of the New Jersey Agricultural Experiment Station, Butgers 
University, Department of Dairy Husbandry. 
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31.6 lb. per day. The blood sugar level of the first cow increased from 36 
to 53 mg. per cent in the second week of thyroprotein feeding; that of cow 
652 increased from 38 to 55 mg. per cent. Prom the second week to the 
end of the thyroprotein feeding period, blood sugar levels remained rather 
constant; however, this did not prevent a decline in milk production. 

Thyroprotein was administered to four cows with ketosis. An Ayrshire 
cow that had calved normally had increased in milk production until the 
beginning of the third week following calving. After that time milk pro¬ 
duction declined and a qualitative test on the urine for ketone bodies was 
positive (4 +). Fifteen grams of thyroprotein were fed daily, and milk pro¬ 
duction, based on weekly averages, increased from 42.4 to 59.6 lb. per day. 
A Jersey cow in which ketosis had developed to a stage where feed was not 
being consumed failed to respond to thyroprotein administered orally in a 
capsule. Another Jersey cow showed symptoms of ketosis in the second 
week after calving. Milk production declined slightly, feed was not being 
eaten well, blood sugar level was low (26 mg. per cent), and a qualitative 
test on the urine for ketone bodies was positive (3 +). The daily feeding of 
15 g. of thyroprotein resulted in an increase in milk production and in blood 
sugar level (to 45 mg. per cent), and the qualitative test for urinary ketone 
bodies became negative. The gradual withdrawal of thyroprotein from the 
ration resulted in only a slight decrease in milk production and in blood 
sugar level. A Guernsey cow, 3 days after calving, had a low blood sugar 
level (20 mg. per cent) and gave a positive qualitative test for urinary 
ketone bodies. She responded to thyroprotein therapy, and thyroprotein 
successfully was withdrawn from the ration after a 32-day feeding period. 

P43 Some Effects of Feeding Thyroprotein to Dairy Cows. J. W. 

Thomas and L. A. Moore, Bureau of Dairy Industry, Agricultural 

Research Administration, U. S. Department of Agriculture. 

The effects of feeding thyroprotein to producing dairy cows during the 
lifetime of the cow are under study at the Agricultural Research Center, 
Beltsville. Last year it was reported that cows which received thyropro¬ 
tein and were fed total digestible nutrients according to Morrison’s standard 
showed excessive losses in body weight. Further weight losses were checked 
by increasing the T.D.N. intake 25 per cent above the Morrison standard. 
Since then two heifers in their first lactation have received T.D.N. at the 
rate of 125 per cent of Morrison’s standard throughout the thyroprotein- 
feeding period. Under these conditions no abnormal weight losses were 
noted and the stimulus to milk production was sustained throughout the 
entire lactation. 

All cows in their second lactation have received T.D.N. at the rate of 
125 per cent of the Morrison standard throughout the thyroprotein-feeding 
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period. Some have responded with a sustained increase in milk production 
while others, after the initial increase, have declined at approximately a 
normal rate. Most cows responded with an increased butterfat percentage 
in their milk when thyroprotein was fed. 

Heart rates have been observed by means of a stethoscope. Heart rates 
were increased markedly by feeding the extra T.D.N. along with thyropro¬ 
tein. Generally the heart rate increased with the increased milk production 
and decreased when the cow’s production decreased. This parallelism also 
has been noted in cows fed normally. More cases of heart murmurs occurred 
among the thyroprotein-fed cows than among the other cows. During the 
second lactation of thyroprotein feeding some of the cows have shown an 
abnormal sinus arrhythmia, which has been verified by electrocardiograph 
records. 

Eight cows have calved after receiving thyroprotein in their first lacta¬ 
tion and one cow has calved after receiving thyroprotein in two lactations. 
The condition of the cows and all the calves has been normal. The Jersey 
cows always have conceived after one or two services. Some of the Holstein 
cows have shown irregular estrus periods and/or have required more than 
three services in order to conceive. The experiment is being continued to 
determine the effects of feeding thyroprotein during the lifetime of the cow. 

P44 The Effect of Thyroprotein and Feed Intake on the Heart Rate of 
Dairy Steers. J. F. Sykes, T. R. Wrenn, L. A. Moore, and J. W. 
Thomas, Bureau of Dairy Industry, Agricultural Research Ad¬ 
ministration, U. S. Department of Agriculture. 

The effects of variations in feed intake with and without thyroprotein 
have been studied in four dairy steers. The data show that increases in 
feed intake above normal standards increased heart rate and reduction in 
feed decreased heart rate. Thyroprotein increased heart rate to about the 
same extent whether the animals were on a high or low level of feed intake, 
but the absolute heart rates observed were greater on the high level than 
on the reduced level of intake. 

When considered in conjunction with data previously reported on the 
effect of thyroprotein on milk production, these data suggest that thyropro¬ 
tein can be effective in increasing milk production only when s uffici ent extra 
feed is present to maintain the heart rate above normal levels. Unless feed 
in excess of accepted standards is given, there may be a grad ual depletion 
of body stores under the influence of thyroprotein until the cow actually 
may be underfed and milk production be depressed. 

P45 Further Observations on the Effects of Feeding Thyroprotein to 
Dairy Cows. A. H. VanLandingham, George Hyatt, Jb., 
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Charles E. Weakley, Jr., and H. 0. Henderson, West Virginia 
Agricultural Experiment Station. 

Previous reports on the feeding of thyroprotein have been made (Jour. 
Dairy Sci., 27:385. 1944; ibid., 29: 533. 1946). 

Thyroprotein (protomone) has been fed to a group of three Jersey and 
four Holstein cows with one or more lactations completed, beginning the 
second or third month of lactation and continuing the remainder of the 
lactation period. Jerseys were fed 15 g. and Holsteins 20 g. of protomone 
daily. The cows were started on protomone feeding during the winter 
months and continued through spring to early summer; they were on pas* 
ture in season. Protomone was not fed during the dry period. All cows 
except one Holstein were with calf when protomone feeding was started. 
Three of the cows, two Jerseys and one Holstein, are approaching the end 
of the second lactation period on protomone. 

All cows calving have dropped normal calves after protomone was fed 
during the latter part of the previous lactation period. However, there is 
some indication that cows may be slower to get with calf following the feed¬ 
ing of protomone during the previous lactation. The most noticeable re¬ 
action to protomone feeding was the thin condition and loss in body weight 
after several months of feeding. Increased heart beat and respiration rate, 
observed at first, seem to approach normal after several months’ feeding when 
the cows were fed in proportion to milk and fat production. 

Ascorbic acid in the milk of the Jersey fed protomone was significantly 
lower than in a similar group not fed protomone. The ascorbic acid in the 
milk of Holstein cows fed protomone was somewhat lower than in the milk 
of a control group, but the difference was not significant. Ascorbic acid in 
the milk of Jersey cows not fed protomone was significantly higher than that 
of the Holsteins. Ascorbic acid in the milk decreased toward the latter part 
of the lactation period. Protomone did not affect the ascorbic acid content of 
blood plasma. 

P46 Absorption and Elimination of Thiouracil in Ruminants. R. E. 
Ely, K. J. Olson, and E. P. Reineke, Michigan Agricultural Ex¬ 
periment Station. 

Absorption and elimination of thiouracil after subcutaneous and oral 
administration to goats and calves has been studied. Blood plasma thio¬ 
uracil levels have been determined during continued administration of effec¬ 
tive levels of thiouracil to goats and calves by subcutaneous and oral routes. 

Maximum blood plasma thiouracil concentrations were reached in 4 to 8 
hours after oral administration of thiouracil to goats. The plasma values 
are approximately proportional to the dosage of thiouracil when adminis¬ 
tered at the rate of 0.015,0.03,0.06, and 0.12 g. per kg. of body weight The 
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thiouracil was practically eliminated from the blood plasma in 12 hoars at 
the lower dosage level and in 24 hours at the high dosage level. 

Subcutaneous administration of thiouracil to goats gave maximum 
plasma concentrations in 2 to 4 hours; the compound was eliminated from 
the plasma quite rapidly. Subcutaneous administrations gave approxi¬ 
mately twice the maximum blood plasma thiouracil concentrations as com¬ 
parable oral dosages. Subcutaneous and oral administration of thiouracil 
to calves gave similar absorption and elimination curves. 

Studies of continued administration of thiouracil to goats and calves 
indicate that 0.1 g. of thiouracil daily per kg. of body weight administered 
subcutaneously at 12-hour intervals maintained effective blood plasma thio¬ 
uracil concentrations. Oral administration of 0.2 g. of thiouracil daily per 
kg. of body weight at 12-hour intervals also maintained effective blood 
plasma thiouracil concentrations in goats and calves. 

P47 The Influence of Thiouracil on Mammary Lobule-Alveolar Growth 
in Mice. John P. Mixner, New Jersey Agricultural Experiment 
Station. 

Thyroidectomy has been observed to decrease the mammary lobule- 
alveolar growth responses of castrate virgin female mice to injected pro¬ 
gesterone and estrone. A group of chemicals related to thiouracil induces 
the hypothyroid state in animals by inhibiting the synthesis of thyroxine 
by the thyroid gland. Thus it might be expected that thiouracil also might 
inhibit mammary responses in mice in a manner similar to that caused by 
thyroidectomy. 

Ovariectomized virgin female mice were used in these experiments and 
the criteria of response were both the degree of lobule-alveolar growth 
obtained and the per cent of mice showing mammary lobule-alveolar growth 
responses. Anterior pituitary extract plus estrone and progesterone plus 
estrone were given as substances stimulating mammary growth. Thiouracil 
was given to certain groups of mice as 0.1 per cent of the ration for 2 weeks 
preceding the experimental period and was continued through the 10 days 
of the experimental injection period. The animals were ovariectomized 
immediately preceding the injection period. * 

Thiouracil decreased markedly both the degree of mammary lobule- 
alveolar growth and the percentage of mice showing mammary lobule-alve¬ 
olar growth responses in the group injected with progesterone plus estrone 
and that injected with anterior pituitary extract plus estrone. 

It may be concluded that thiouracil acts in a manner similar to thyroid¬ 
ectomy in decreasing the responsiveness of the mammary gland to exogenous 
mammary growth stimulating substances. 
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P48 Factors Influencing the Male Hormone Content of Cow Manure. 1 

C. W. Turner, Missouri Agricultural Experiment Station. 

In continuing the study of the androgenic (male) hormone content of 
dairy cattle manure during the past year, samples were collected from 
30 dairy cows in various stages of lactation. Of these cows 18 were Hol- 
steins, 8 were Jerseys, and 4 were Guernseys. The manure was dried in an 
electric oven at 45° C. and ground in a small hammer mill. The hormone 
content of the sample of manure was assayed by feeding it, as 10 per cent 
of the ration, to about 20 White Rock chicks for 28 days. The combs then 
were removed and weighed. The average weight of combs of the two sexes 
was divided by two. 

For comparison with the experimental results, a group of similar control 
chicks has been run to determine the extent of seasonal variation in the 
normal chick-comb weight. Evidence of seasonal variation is appearing. 
The average normal comb weight during the 7-month period from September 
to March was 70.9 mg. Chicks fed 20 mg. methyl testosterone per kilo feed 
had combs averaging 319.3 mg. during the same 7-month period. It is 
planned to correct all data for seasonal variation. However, the results 
presented are uncorrected. 

The average comb weight of the chicks fed 11 samples of manure from 
lactating Jersey cows was 189.62 mg., with a variation from 123 to 280. 
Seven samples from Guernsey cows averaged 160.4 mg., with a variation 
from 100 to 239 mg. The 32 samples of manure from lactating Holstein cows 
averaged 145.3 mg., varying from 71 to 233 mg. 

The content of male hormone seems to be excreted in highest amount a 
few days before parturition and during the first month of lactation. After 
the first month the hormone content is reduced but remains fairly constant 
for much of the lactation period. Breeding lactating cows does not appear 
to cause any marked effect. If cows go dry for several months before the 
next parturition, the hormone content tends to be lower until the prepar¬ 
turient rise occurs. 

Considering the many variable factors observed, the data available at this 
time can be considered only suggestive. Much further work is required. 

P49 Progress Report in the Study of Certain Goitrogens. 2 G. W. Pipes 
and C. W. Turner, Missouri Agricultural Experiment Station. 

In view of the possibilities of the more active goitrogens as fattening 
agents for dairy calves and other livestock, a study has been made of the 

1 Contribution from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station, Journal Series no. 1049. 

2 Contributions from the Department of Dairy Husbandry, Missouri Agricultural Ex¬ 
periment Station, Journal Series no. 1048. 
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concentrations of thiouracil, 6-n-propyl thiouracil, and thiobarbital (5,5-di- 
ethyl-2-thiobarbituric acid) in the blood and tissues of several species of 
domestic animals during oral administration. 

The same general pattern of rapid absorption from the digestive tract 
into the blood stream and speedy elimination from the blood and tissues has 
been observed in the domestic fowl, rabbit, goat, sheep, and calf. Signifi¬ 
cantly higher blood levels were produced and maintained in the blood stream 
of the fowl and the goat by thiobarbital than by any of the other goitrogens 
which were investigated. 

Two 125-lb. Holstein calves were given 2 g. of thiouracil by capsule at 
12-hour intervals. Thiouracil concentrations in the blood were determined 
at intervals during a 24-hour period. It was found that a uniform level 
could be maintained in the blood. 

Thiouracil and thiobarbital concentrations in the tissues of animals 
receiving these goitrogens have been determined by a biological assay based 
on hypertrophy of the rat thyroid. Meat from animals receiving goitrogens, 
when fed to rats as 95 per cent of the diet, produced an almost imperceptible 
increase in thyroid size. The goitrogenicity of all tissues studied was less 
than that produced by the addition of 5 mg. of thiouracil per 100 mg. of 
normal tissue. 

P50 The Effect of the Interval between Washing of the Udder and At¬ 
tachment of Milking Machines upon the Bacterial Flora and 
Milk Production of Dairy Cows. C. B. Knodt, J. J. Reid, P. S. 
Williams, and E. M. Kesler, Department of Dairy Husbandry 
and the Department of Bacteriology, Pennsylvania State College. 

During recent years considerable emphasis has been placed upon the 
importance of managed milking of dairy cows. The newer methods of milk¬ 
ing not only save time but also are believed to increase milk production and 
to decrease the incidence of mastitis. Many dairymen do not attach milking 
machines during the recommended time after washing the cow’s udder 
because of milking parlor arrangements or for other reasons. Accordingly, 
studies were conducted to determine what effect delay in attaching milking 
machines after washing the cow’s udder might have upon milk production 
and the bacterial flora of the udder. All cows in the experiments were 
milked twice daily and machine stripped. The udders were washed care¬ 
fully with water at 125 to 130° F. for approximately 15 seconds each. Two 
large streams of milk were removed from each teat following the washing. 
Use of the strip cup gave no evidence of any difference in the response of 
any of the groups. The cows were fed and managed similarly. 

Thirty cows, with an average daily production of 51.19 lb., were divided 
into five similar groups on the basis of milk and milk fat production, stage 
of gestation, and stage of lactation. The milking machines were attached 
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2, 4, 6, 8, and 10 minutes after the washing was started. Statistical analysis 
of the milk production of the groups during the 35 days of this trial demon¬ 
strated no significant difference between treatments. The apparent change 
in bacterial flora of the udder was characterized by the appearance of 
/^-hemolytic streptococci and long chain alpha and gamma streptococci in 
those groups where milking was delayed more than 4 minutes after the 
beginning of washing. 

Because of the need for cows on certain pasture management projects, 
only 12 of the cows (four in each interval of 2, 6, and 10 minutes) were con¬ 
tinued for an additional 35 days. Statistical analysis of the data covering 
70 days' milk production showed no significant differences resulting from 
the various treatments and no changes in the bacterial flora of the udders 
which could be related to treatments. 

In another experiment, 20 cows, with an average daily milk production 
of 39.6 lb., were divided into four comparable groups on the same basis as in 
the previous trials. The time intervals used were 2, 5, 10, and 20 minutes. 
As in the previous experiments, no statistically significant differences could 
be found in milk production during the 90-day experimental period. While 
some changes were observed in the concentration of leucocytes of the milk of 
various cows, these were believed to be related to stage of lactation. No 
changes were observed in the bacterial flora of the udders of the cows in the 
third trial. Under the conditions of this experiment, there was no signifi¬ 
cant effect upon milk production of time intervals up to 20 minutes between 
the beginning of washing a cow's udder and attachment of the machines. 

While in the first experiment it appeared that definite changes occurred 
in the udder bacterial flora by delaying milking longer than 4 minutes after 
washing the cows’ udders, later experiments did not agree with this obser¬ 
vation. 

P51 The Riboflavin Content of Cow’s Colostrum. T. S. Sutton and 
Harold E. Kaeser, Ohio State University and Ohio Agricultural 
Experiment Station. 

The content and total output of riboflavin in the colostrum and subse¬ 
quent milk of 35 cows was determined for the first ten consecutive and the 
twentieth milkings. Five dairy breeds were included in the study. The 
calves were not allowed to nurse and the total production was milked out, 
weighed, and sampled for analysis. Riboflavin was determined fluorometri- 
cally. 

. The average riboflavin content in milligrams per liter was found to be: 
6.15, 3.66, 2.44, 2.25, 2.20, 2.10, 1.98, 2.01, 1.96, 1.95, and 1.83 for the first 
ten and the twentieth milkings, respectively. The total output of riboflavin 
was: 33.1, 12.6, 12.2, 14.8, 14.5, 15.1, 14.5, 13.7, 14.6, 14.3, and 16.0 mg., 
respectively, for the first ten and the twentieth milkings. 
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Considerable individual variation in riboflavin composition was found. 
For example, the potency of tbe first milking varied from a high of 11.5 
m g . /I to a low of 3.9 mg./l. Breed differences in the riboflavin content of 
colostrum and milk also are indicated. 

The production of riboflavin deficiency in very young calves by Illinois 
investigators (Jour. Nutr., 33 : 263-270. 1947.) gives emphasis to the im¬ 

portance of colostrum and milk as a source of riboflavin in the nutrition of 
the young calf. 

P52 Some Possible Relationships between Management, Fore-stomach 
Contents and Diarrhea in the Young Dairy Calf. W. D. Pounden 
and J. W. Hibbs, Ohio State University. 

The color of the feces of 24 new-born calves was brown or yellow for 
approximately the first week, depending somewhat on the duration of colos¬ 
trum feeding or nursing period. A change to gray shades of yellow or white 
followed. At approximately 2 weeks of age another change to darker shades 
of gray brown or green occurred, apparently influenced by the type and 
quantity of dry feeds consumed. Although few calves had diarrhea during 
the first and third stages, all but one had periods of abnormally liquid feces 
for a few days during the second stage. Practically all recovered without 
the assistance of drugs. 

The materials removable from the fore-stomachs by use of stomach tubes 
(inside diameter 7 mm.) increased considerably for a day or so in nine of 
ten Jersey calves between 7 and 10 days of age, and in eight Holstein calves 
between 6 and 9 days and again in six of them between 10 and 13 days of age. 
The quantity that could be removed depended on the volume present and 
the consistency. These ages are within the same age period during which 
diarrhea attacks were prevalent. In ten instances (among 19 calves) in¬ 
creases in rumen liquids coincided within a day with the appearance of 
diarrhea. Milk or curd was present in the rumen contents of eight of twelve 
1-day old calves, but was observed on only 4 of 23 occasions at the time of 
increased removable materials. Diarrhea accompanied the latter and the 
calves were depressed. A reading of pH 4.43 was obtained on one of these 
curdy samples in contrast to pH 6.7, the average obtained for 43 samples 
from nine of the calves up to 10 days of age. 

Rumen flora and fauna judged to be normal on the basis of the presence 
of organisms similar to those observed in cows developed in but five of fifteen 
calves within 30 days of birth and still were absent from the rumens of two of 
seventeen calves at 90 days of age. The two calves that suffered most frpm 
indigestion when placed exclusively on dry feed were classified as not having 
normal flora and fauna by 5 weeks of age. Five calves provided with organ¬ 
isms from mature animals by transfer of rumen contents or cuds were among 
those that progressed the most satisfactorily. 
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The limited nature of the observations precludes definite conclusions. 
However, indications are that it may be advisable to endeavor to limit the 
duration of the period when calves have the second type of feces. Perhaps 
this might be accomplished by extended colostrum feeding, coupled with 
early provision of suitable dry feeds along with rumen flora and fauna. 

P53 The Effect of Feeding Various Levels of Vitamin A on the Deple¬ 
tion Time of Dairy Calves. W. C. Jacobson, H. T. Converse, and 
L. A. Moore, Bureau of Dairy Industry, Agricultural Research 
Administration, U. S. Department of Agriculture. 

In order to study the time required for the depletion of the vitamin A 
stores of calves reared under natural conditions, two pregnant cows were 
turned on pasture early in the spring about 3 weeks before calving. The two 
heifer calves which they dropped w r ere permitted to run with their dams on 
pasture from birth to 90 days of age. Thus, these two calves could obtain 
whatever quantity of summer whole milk they desired and, in addition, any 
green grass they would consume. 

Male calves receiving colostrum milk for 3 days and a limited quantity 
of whole milk to 60 days of age, along with a grain mixture and U.S. no. 2 
alfalfa hay, also w r ere placed on experiment. The whole inilk fed was from 
cows receiving winter rations. One calf out of each pair of calves received, 
in addition, various quantities of vitamin A in the form of cod-liver oil for 
various periods of time. 

At 90 days of age all calves were placed on a vitamin A-deficient ration 
to determine how long it would take to deplete their st.ores of vitamin A. 
Stores were considered to be depleted when the vitamin A of the blood plasma 
decreased to a level of 4 /*g. or less per 100 ml. of plasma. 

The two calves which ran on pasture with tlieir dams required up to 
4 months for depletion, whereas calves which received no supplemental vita¬ 
min A and were reared according to present day methods of limited whole 
milk feeding required less than 30 days, in most cases, for the depletion 
period. Where 50;0001.U. of vitamin A per day were fed for various periods 
of time, the depletion time was in proportion to the quantity of vitamin A 
fed. 

P54 The Antirachitic Properties of Field-cured Hay, Barn-dried Hay, 
and Wilted Grass Silage when Fed to Calves. L. A. Moore and 
J. W. Thomas, Bureau of Dairy Industry, Agricultural Research 
Administration, U. S. Department of Agriculture. 

Exposure of hay to the rays of the sun during the curing process in¬ 
creases its vitamin D potency. In making barn-dried hay and wilted grass 
silage, the length of time the crop is exposed to the sun’s rays is considerably 
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less than in making field-cured hay. Thus it might be reasoned that barn- 
dried hay and wilted silage contain less vitamin D than field-cured hay. 

Roughage was put up as field-cured hay, barn-dried hay, and wilted 
silage, and each kind of roughage was fed to six dairy calves to study its 
antirachitie effect. 

The ash analysis of the first 10 per cent of the epiphyseal ends of the 
seventh and eighth ribs did not reveal any particular differences between 
the calves fed the different roughages. In all three groups of calves, the 
rib ends of those that were fed at the lower roughage levels were lower in 
ash. There was some indication that the calves fed the barn-dried hay and 
the wilted silage showed more stiffness than the calves fed the field-cured 
hay. Calcium, phosphorus, and phosphatase determinations of the blood 
did not reveal any difference between the three groups. 

Wilted silage made from the 1946 crop was fed to two calves, beginning 
at birth. The only other source of vitamin D which the calves received was 
from a limited quantity of whole milk fed to 60 days of age. One calf now 
is 5 and the other 7 months old, and there is no physical indication of de¬ 
veloping rickets. The blood picture in both calves also has remained normal. 

While further studies must be made, these results would indicate that 
where barn-dried hay and wilted grass silage are fed at the usual levels 
of roughage feeding (i.e., 2 to 3 lb. of hay or its equivalent per 100 lb. of 
body weight), sufficient vitamin D is present to prevent rickets in growing 
calves. 

P55 Changes in the Cell Volume and in the Concentration of Several 
Inorganic Constituents in the Blood of the Dairy Calf during Its 
Early Postnatal Development. G. H. Wise, M. J. Caldwell, 
D. B. Parrish, and J. S. Hughes, Kansas Agricultural Experiment 
Station. 

Changes in cell volume, hemoglobin, calcium, magnesium, sodium, and 
potassium of whole blood and in calcium, magnesium, sodium, potassium, 
and inorganic phosphorus of blood serum from 11 individual dairy calves 
were observed during the normal dietary transitional stages from birth to 
effective hay ingestion. Blood samples were collected immediately after 
birth, daily during the colostral period, weekly from the first to tKe sixth 
week, and biweekly thereafter to 10 weeks of age. 

Cell volume and hemoglobin decreased from birth to approximately 3 
weeks of age but gradually increased thereafter, suggesting a response to 
hay ingestion. Though sodium revealed no striking change at any stage, the 
concentration in whole blood decreased from birth to 2 weeks of age, fol¬ 
lowed by a gradual increase. The significance of these changes is rather 
obscure. Potassium of whole blood declined throughout the first 8 weeks 
of postnatal life; that of the serum remained relatively uniform. In- 
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organic phosphorus of the blood serum increased during the first week but 
subsequently remained at a constant level. Though calcium of the whole 
blood and of the serum decreased after the period of colostrum consumption, 
the change is of doubtful significance. Th4 magnesium concentrations 
were uniform throughout. The changes in the concentrations of these vari¬ 
ous constituents of the blood apparently were not affected to any marked 
degree by dietary changes. 

P56 The Value of Distillers Dried Solubles and Dried Grains with Solu¬ 
bles in the Ration of Dairy Calves. 1 J. R. Schabinger and C. B. 
Knodt, Department of Dairy Husbandry, Pennsylvania State Col¬ 
lege. 

. A total of 48 calves, purchased in Central Pennsylvania, were divided 
into six comparable groups on the basis of breed, sex, body weight, height 
at the withers, and circumference of the chest at the beginning of the trial. 
Because of the difficulties encountered in obtaining sufficient calves, two 
male and two female calves of each of the Holstein and Guernsey breeds 
were used in each group. 

The following rations (in pounds) were utilized: 

Group I —(crushed oats, 650; com meal, 595; wheat bran, 165; soybean 
(Basal) oil meal, 250; linseed oil meal, 120; dried whey, 100; dried 
brewer’s yeast, 60.) 

Group II —(crushed oats, 650; corn meal, 595; wheat bran, 175; soybean 
oil meal, 250; linseed oil meal, 120; distillers dried solubles, 
150.) 

Group III—(crushed oats, 650; corn meal, 595; wheat bran, 145; soybean 
oil meal, 250; distillers dried solubles, 300.) 

Group IV—(crushed oats, 650; com meal, 595; wheat bran, 245; soybean 
oil meal, 250; distillers dried solubles, 150; redfish meal, 50.) 
Group V —(crushed oats, 650; corn meal, 595; wheat bran, 175; soybean 
oil meal, 250; linseed oil meal, 120; distillers dried grains with 
sdlubles, 150.) 

Group VI—(crushed oats, 650; com meal, 595; wheat bran, 145; soybean 
oil meal, 250; distillers dried grains with solubles, 300.) 

In addition, all rations contained steamed bone meal, 25 lb.; ground lime¬ 
stone, 15 lb.; salt, 10 lb.; vitamin A oil (containing 3,330 U.S.P. units per 
g.), 9 lb.; and irradiated yeast, 1 lb. 

All calves were fed 300 lb. of whole milk during the first 45 days on the 
trial. Mixed hay (timothy and Ladino clover) was before the calves at 
all times until they were 2 months of age, after which they were fed a good 
quality alfalfa hay ad libitum throughout the remaining 6-month period. 

i This work was supported in part by Schenley Distillers Corporation, N. Y., N. Y., 
and by the Flory Milling Company, Bangor, Pennsylvania. 
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During the course of the trial the following losses, due to pneumonia 
and enteritis, were incurred: Group I, 1 Holstein female; Group II, none; 
Group III, 1 Guernsey female, 2 Guernsey males; Group IV, 1 Guernsey 
female, 2 Guernsey males; Group V, 1 Guernsey female, 1 Holstein male; 
and Group VI, 1 Guernsey female. 

The following mean daily gains in body weights, for the calves surviving 
the trial, were observed during the 6-month feeding period (per cent-per 
cent normal, Mo. Agr. Expt. Sta. Bui. 336.): Group I, 1.42 lb. (102.3 per 
cent); Group II, 1.46 lb. (109.3 per cent); Group III. 1.48 lb. (98.8 
per cent ); Group IV, 1.42 lb. (93.7 per cent); Group V, 1.41 lb. (102.1 per 
cent); and Group VI, 1.50 lb. (104.6 per cent). The mean daily growth 
rates in terms of height of the withers were as follows (per cent = per cent 
normal, Mo. Agr. Expt. Sta. Bui. 336.): Group I, 0.135 cm. (91.3 per cent); 
Group II, 0.131 cm. (85.8 per cent); Group III, 0.136 cm. (91.0 per cent); 
Group IV, 0.132 cm. (88.4 per cent); Group V, 0.124 cm. (85.7 per cent); 
and Group VI, 0.133 cm. (90.1 per cent). The mean daily growths, meas¬ 
ured in terms of circumference of the chest, were as follows: Group I, 
0.23 cm.; Group II, 0.25 cm.; Group III, 0.22 cm.; Group IV, 0.23 cm.; 
Group V, 0.23 cm; and Group VI, 0.25 cm. Careful observation of the 
data reveals that the variation between calves within groups was as great 
as the variation between groups when gains in body weight, height at the 
withers, and circumference of the chest are considered as criteria of growth. 
Accordingly, it appears under the conditions of this experiment that dis¬ 
tillers dried solubles and distillers dried grains with solubles may replace 
satisfactory linseed meal, dried brewer’s yeast, and dried whey in the 
rations of dairy calves. 

P57 The Utilization of /3-Carotene, Vitamin A Alcohol, and the Natural 
Ester of Vitamin A by Holstein Heifers. 1 R. H. Ross, C. B. 
Knodt, and N. B. Guerrant, Departments of Dairy Husbandry, 
and Agricultural and Biological Chemistry, Pennsylvania State 
College. 

Six Holstein heifers between the ages of 12 and 15 months were used in 
an experiment to determine the relative efficiency of utilization of /3-carotene, 
the natural ester of vitamin A, and vitamin A alcohol. The heifers were 
fed throughout the trials oat straw ad libitum and 10 lb. per day of a con¬ 
centrate mixture containing 200 lb. of oat feed, 200 lb. ground oats, 100 lb. 
peanut bran, 125 lb. soybean oil meal, 10 lb. steamed bone meal, 7 lb. salt, 
and 0.5 lb. irradiated yeast. When the blood plasma vitamin A levels were 
reduced to 6-8 /ug. per 100 ml., the heifers were divided into three similar 
pairs on the basis of body weight, age, and blood plasma vitamin A con¬ 
centrations. 

i This work was supported in part by The Borden Company, ST. Y., N. Y. 
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The three sources of vitamin A then wqre administered in capsule form 
for 20 days at the rate of 100 U.S.P. units per kg. of body weight per day. 
After each of the first two periods of administration, the heifers again were 
depleted and the supplementation rotated so that after three feeding periods 
all six heifers had received the three sources of vitamin A for a 20-day 
period. 

Daily blood samples were taken during the periods of administration 
except during the last half of the first trial, when they were taken every 
other day. In analyzing the data representing the blood plasma vitamin 
A determinations for the three treatments by an analysis of variance, a 
highly significant difference was found between the treatments and between 
days of supplementation. The difference between heifers approached 
significance. It was determined that no significant difference existed in 
the blood plasma vitamin A levels of heifers during the administration of 
vitamin A alcohol or the natural ester of vitamin A. However, both pro¬ 
duced a higher level (highly significant) of blood plasma vitamin A than 
did ^-carotene. The following mean concentrations of blood plasma vita¬ 
min A (fig. per 100 ml.) were found during the feeding periods: /3-carotene 
feeding, 6.95; vitamin A alcohol feeding, 10.77; and the natural ester of 
vitamin A feeding, 10.83 [t (0.01) = 2.846]. 

In an analysis of variance of the determinations of blood plasma carotene 
of the heifers on the three treatments, a highly significant, difference was 
found between treatments and between days on supplementation, but no 
significant difference was found between heifers. The following mean 
concentrations of blood plasma carotene (fig. per 100 ml.) were determined 
during the feeding periods: /8-carotene administration, 67.42; vitamin A 
alcohol administration, 43.59; and the natural ester of vitamin A adminis¬ 
tration, 49.28 [t (0.01) = 19.05]. On the basis of the least significant mean 
difference required for significance, it was found that feeding carotene in¬ 
creased the blood plasma concentration of carotene above (highly signifi¬ 
cant) that of the heifers receiving vitamin A alcohol and the natural ester 
of vitamin A. There was no significant difference in the blood plasma con¬ 
centrations of carotene when vitamin A alcohol or the natural ester of 
vitamin A was fed. 

P58 Soybean Oil-filled Milks for Feeding Young Dairy Calves. N. L. 

Jacobson and C. Y. Cannon, Iowa State College. 

Observations were made of the growth and general health of young dairy 
calves fed various reconstituted milks as compared to whole milk. Five 
calves were placed on each experimental ration. The calves were fed at 
the rate of 10 lb. of milk per 100 lb. liveweight. All calves were allowed to 
remain with their dams for 3 days, after which time they were placed on the 
experimental rations for 8 weeks. Each calf received 6 g. of sulfathalidine 
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per day per 100 lb. liveweight fqr 10 days starting at birth. Daily supple¬ 
ments of vitamins A and D and a mineral mixture were given to all calves. 
All calves were muzzled and received no hay or grain. 

One group of experimental animals was fed whole milk containing ap¬ 
proximately 3 per cent butterfat. Another group was fed a reconstituted 
nlrim milk made by mixing one part of dried skim milk with nine parts of 
water. Five other groups were fed reconstituted skim milk plus various 
oils as follows: (a) butter oil, 3 per cent; (b) expeller process soybean oil, 
2 per cent; (c) expeller process soybean oil, 3 per cent; (d) expeller process 
soybean oil, 3 per cent, plus a vitamin supplement including thiamine, 
riboflavin, calcium pantothenate, pyridoxine, nicotinamide, ascorbic acid, 
and alpha tocopherol; and (e) hydrogenated soybean oil, 3 per cent. All 
reconstituted milks were homogenized at 3,000 lb. pressure. 

The group receiving 2 per cent soybean oil exceeded the skim milk group 
in growth, but calves in the soybean oil group scoured frequently. The 
calves receiving 3 per cent expeller soybean oil scoured badly and were very 
unthrifty. Three animals in this group died. Supplementation of the 
milk containing 3 per cent expeller soybean oil with B-complex vitamins, 
ascorbic acid, and alpha tocopherol neither improved the growth of the 
calves nor reduced the incidence of scours. 

The calves in the group fed 3 per cent hydrogenated soybean oil grew 
well and were in excellent condition at the end of the experimntal period. 
There were no significant differences in growth or general appearance be¬ 
tween the group fed butter oil and the group which received hydrogenated 
soybean oil. The calves of both of these groups compared favorably with 
those fed whole milk. 

P59 Placental Transfer and Colostra! Storage of Vitamin D in the 
Bovine. 1 H. D. Baton, A. A. Spielman, J. K. Loosli, and K. L. 
Turk, Cornell University. 

A study was made during the late winter feeding period and the late 
pasture season of the effect of a daily supplementary feeding of 100,000 
I.U. of vitamin D in the form of irradiated yeast for 8 weeks prepartum on 
the vitamin D levels in the maternal blood plasma, newborn blood plasma 
and liver, and in the colostrum. * 

Two groups of four cows each were started on experiment in March, 
1946, and two groups of four cows each in late July and August, 1946. One 
group at each season served as controls and the other received the daily 
vitamin D supplement. The groups on experiment during March and April 
were fed timothy hay, com silage, and grain, and were allowed outside of 
the bam daily for approximately 1 hour. The groups on experiment in 
late July and August were on pasture except at two daily feeding periods, 
* Supported in part by a grant from Standard Brands, Ine. 
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and received timothy hay, corn silage, and grain in addition to the pasture. 
Maternal blood samples were drawn at 8 weeks prepartum before starting 
vitamin D supplementation and at 2 weeks prepartum. Those calves used 
in determining blood plasma and liver vitamin D were sacrificed within 3 
hours after birth without having received colostrum. Colostrum vitamin 
D was determined on a composite sample representing the first six milkings 
postpartum, the first milking being the next regular herd milking after 
parturition. 

Maternal blood plasma vitamin D values, representing three cows per 
group, increased to a higher level in the supplemented groups than in the 
controls; however, the difference was not significant. The values for the 
late pasture season were significantly higher than for the late winter feed¬ 
ing season. 

Newborn blood plasma and liver vitamin D values, representing three 
calves per group, showed no consistent differences between those calves from 
supplemented dams as compared to those from control dams. Both blood 
plasma and liver vitamin D levels were higher in the late pasture season 
than in the late winter period. These seasonal differences were not sig¬ 
nificant. 

Colostrum vitamin D values, representing four cows per group and 
expressed as l.U. of vitamin D per gram of colostrum fat and I.U. of vitamin 
D per pound of colostrum, were significantly higher in the supplemented 
groups than in the controls. Total I.U. of vitamin D in the first six post¬ 
partum milkings was on the average higher in the supplemented group; 
however, this difference was not significant. 

These data, although limited in number, suggest that the prepartal diet 
does influence maternal blood plasma levels of vitamin D and the colostrum 
content of vitamin D. Seasonal differences are apparent. The negative 
results in increasing the newborn blood plasma and liver vitamin D content 
by prepartal vitamin D supplementation are not conclusive but are indica¬ 
tive of the need of higher levels of vitamin D supplementation. 

P60 The Effect of Protein Level on the Nitrogen Metabolism and Gains 
in Weight of Growing Holstein Calves. G. P. Lofgreen and 
J. K. Loosu, Laboratory of Animal Nutrition, Cornell University. 

Two groups of purebred Holstein calves were raised to 150 lb. by a whole 
milk-dry starter method. Prom a weight of 150 to 350 lb., one group re¬ 
ceived a ration furnishing gradually decreasing amounts of protein begin¬ 
ning at 1.10 lb. and decreasing to 0.93 lb. of digestible crude protein per day. 
The second group received a ration supplying the same amounts of total 
digestible nutrients while the protein increased from 0.46 to 0.78 lb. per day. 
There was no difference in the average daily gain of the two groups of 
heifers, both groups gaining approximately 1.2 lb. per day for the entire 
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period. The average age of the calves at 350 lb. was 7.5 months, the rate 
of growth being approximately 70 per cent of the Morrison standard for 
growing Holstein heifers. The slow growth of both groups suggests that 
the T.D.N. allowance of the Morrison feeding standard for growth of dairy 
heifers may be inadequate for normal growth at these weights. 

Nitrogen balances were determined on all heifers at body weight intervals 
of 50 lb. The heifers on the high protein level retained significantly larger 
amounts of nitrogen between 150 and 250 lb. than those on the lower level. 
This suggests a greater storage of protein in the one group even though there 
was no difference in gains. 

Using male calves between 150 and 200 lb., nitrogen balances were deter¬ 
mined on rations furnishing approximately O.ll, 0.27, 0.42, 0.46, 0.53, 0.64, 
and 1.10 lb. of digestible crude protein daily. The nitrogen retained in¬ 
creased as the protein in the ration increased, although the percentage of 
absorbed nitrogen retained was significantly less at the highest level. 

Two groups of yearling heifers averaging about 600 lb. were placed on 
two protein levels. One group was fed an average of 1 lb. of digestible crude 
protein per day at the beginning and 1.2 lb. at 1,000 lb. body weight. The 
second group was fed the same T.D.N. level, with the protein decreasing from 
0.8 lb. at the beginning to 0.61 lb. at 1,000 lb. Preliminary results on these 
heifers indicate that good growth might be obtained on considerably less 
protein than recommended by the Morrison feeding standard for these 
weights. 


EXTENSION SECTION 

Canadian Registration and Production Policies. G. E. Raithby, Ontario 
Agricultural College. 

The Dairy Service Cooperative in Ohio. R. R. Starbuck, Ohio State Uni¬ 
versity. 

In Ohio the Dairy Service Cooperative is organized and incorporated 
under the cooperative laws of the state. Fees for incorporation, member¬ 
ship, and services are nominal. Membership is composed of herd owners who 
are interested in improving their own efficiency, as well as that of their herds, 
through planned management. 

Dairy Service Cooperatives are so organized that major producer activity 
in a given area (usually a county) may be more easily directed on a united 
front. They have proved an excellent vehicle through which common objec¬ 
tives may be accomplished and may serve as instruments for making intelli¬ 
gent adjustments when local, national, or international demands for dairy 
produets change to lower or higher levels. Sixty-three of the eighty-eight 
counties in Ohio are organized on this basis. 
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Activity of the cooperative is directed by means of a board or central 
committee. Many, if not all, of the directors serve on subcommittees, which 
include: Production Testing (both D.H.I. and O.S. testing), Breeding, Breed 
Promotion and 4-H Club, Disease Eradication, Sales, and Information. 

Successful operation of the Dairy Service Cooperative depends on a con¬ 
tinuous educational program through county agent activity, vocational agri¬ 
culture teachers, dairy husbandry specialists, board members, breeding tech, 
nieians, and testing supervisors. Just as important, and perhaps even more 
important, is a cooperative membership that recognizes the need for improve¬ 
ment in dairy cattle and management practices. 

A Method for Estimating the Yield of Pastures on Farms in D.H.I. A. 
R. E. Hodgson and J. B. Shepherd, Division of Nutrition and 
Physiology, Bureau of Dairy Industrj^, Agricultural Research Ad¬ 
ministration, U. S. Department of Agriculture. 

A method which is suitable for use by D.H.I.A. testers for estimating the 
yield of pastures on dairy farms is presented. The method is a modification 
of the technique reported by the Committee on Pasture Investigations Tech¬ 
nique 1 for determining the yield of experimental pastures. 

Most of the data needed for calculating the yields can be obtained from 
the D.H.I.A. records which the tester gets on one day in each month or test¬ 
ing period. The tester also must have data showing the acreage of pasture, 
the number of cows and heifers by age groups maintained on pasture, and 
the number of days in the month or testing period that each animal is on 
pasture. A suitable form has been developed for the use of the tester or 
herd owner in recording these additional data. 

The yield of pasture for a given test period is calculated by figuring the 
total nutrient requirements of the animals maintained on pasture and by 
deducting from this figure the total amount of nutrients fed in the barn. 
The requirements of the animals are based on the average breed weights for 
the different age classes and on the nutrient requirements for maintenance 
and production as proposed by the National Research Council Subcommittee 
on Dairy Cattle Nutrition. 2 These requirements allow enough nutrients for 
the maintenance of cows 4 years old and over; for maintenance and 0.25 to 
0.4 lb. growth daily for 3- to 4-year-old cows; for maintenance and 0.5 to 0.8 
lb. growth daily by 2- to 3-year-old heifers; and for maintenance and 1.0 to 
1.6 lb growth by 1- to 2-year-old heifers. For determining the nutrients in 

i Preliminary report on pasture investigations technique. Joint Committee of 
American Society of Agronomy, American Dairy Science Association, American Society 
of Animal Production. Jour. Dairy Sci., 26(4): 353-369. 1943. 

s Recommended nutrient allowances of domestic animals. III. Recommended 
nutrient allowances for dairy cattle. A report of the Committee on Animal Nutrition, 
National Research Council, August, 1945. 
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the supplementary feed given, grain is considered to contain 75, hay 50, and 
silage 18 per cent T.D.N. The difference between the total nutrients re¬ 
quired by the herd and the nutrients consumed from supplementary feed 
gives the total digestible nutrients the cows obtained from pasture, which, 
when divided by the number of acres, shows the yield per acre for the period 
under consideration. Dividing this amount by 16 gives the number of stand¬ 
ard cow-days per acre. The sum of the yield data for all periods gives the 
total seasonal yield of the pasture on the farm. A form suitable for making 
the few necessary calculations to determine the pasture yield is presented. 

The authors have compared this so-called D.H.I.A. method of calculating 
the yield of pasture with the technical method referred to above, using an 
experimental pasture at the Beltsville Research Center. With the technical 
method, the actual liveweights and daily weights of milk production and 
feed consumption of individual cows were used to calculate the nutrients 
required for maintenance, gain or loss in weight, and milk production, and 
to determine the amount of nutrients provided in supplementary feed. The 
pasture yields as determined by the two methods are shown in the table. 


Pasture yields as calculated by two different methods 


Yield of total digestible nutrients in: 


Method used 



April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Total 


(lb.) 


(lb.) 

(lb.) 

(lb.) 

(lb.) 

(lb.) 

<».) 

D.H.I.A. 

301 

920 

541 

360 

182 

160 

174 

2,638 

Technical 

174 

1,110 

427 

431 

186 

180 

180 

2,688 

Batio I) * H * I A * 
Technical 

1.73 

0.83 

1.27 

0.84 

0.98 

0.89 

0.97 

0.98 


There was some variation from month to month but for the season as a 
whole the two methods gave about the same results. Further comparisons 
with other experimental pastures are being made. The Extension Service 
of the University of Maryland is cooperating in testing this method under 
farm conditions in D.H.I.A. herds. 

This D.H.I.A. method offers possibilities for a simple easy method of 
estimating the yield of dairy pastures by using data obtained with grazing 
animals. It is more specific and more useful than existing ways of estimating 
and shows effectively the variation in yield of pasture from month to month 
during the season. 

Application of the D.H.I.A. Method of Measuring Pasture Yield. Floyd 
J. Arnold and R. E. Sheaffer, University of Maryland. 

During the pasture season of 1946, a Maryland D.H.I.A. supervisor, R. E. 
Sheaffer, made pasture yield studies on six of his members’ farms. The 
method used in making this study was the one recommended by Hodgson and 
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Shepherd for use on farms in Dairy Herd Improvement Associations. Prac¬ 
tically all of the work required to make the study was done by Mr. Sheaifer 
at the time of his regular monthly visit to each farm. In addition to infor¬ 
mation regularly compiled, pasture information was tabulated on two special 
forms. The forms were the Pasture Grazing Record and the Pasture Yield 
Summary. 

On the six farms selected, opportunity was provided for studying differ¬ 
ent types of pastures and the result of different pasture management prac¬ 
tices. Both interesting and valuable facts were revealed. The accompany¬ 
ing table shows the yield of digestible nutrients per acre by months on the 
six different farms. 


Total digestible nutrients per acre by months 


Farm 

April 

May 

June 

July 

Aug . 

Sept . 

Oct . 

Nov . 

Total 

1 

655 

828 

485 

711 

594 

362 

447 

439 

4522 

2 

462 

867 

611 

464 

426 

346 

288 

171 

3640 

3 

189 

869 

439 

441 

378 

352 

618 


3286 

4 

328 

630 

255 

538 

295 

451 

168 

35 

2700 

5 

3 

179 

205 

177 

125 

186 

158 

77 

1110 

6 

20 

98 

107 

179 

207 

157 

56 

63 

887 


The following facts concerning the pasture programs on the different 
farms serve to explain the difference in the yield of nutrients per acre: 


Farm 1 —There is no permanent pasture land on this farm. Ladino clover 
and orchard grass, seeded together, is used for pasture. The fields are 
fertilized regularly and rotational grazing is practiced. 

Farm 2 —Orchard grass and Ladino clover furnish about three-fourths of the 
total pasturage on this farm. The remaining one-fourth is permanent 
blue grass pasture. The pastures are fertilized but no rotational graz¬ 
ing is practiced. 

Farm 3 —About half of the time the cows on this farm are kept on perma¬ 
nent blue grass pasture and the rest of the time they are on orchard 
grass. The permanent pastures are fertilized occasionally and the 
orchard grass is grown in the regular rotation of crops. 

Farm 4 —Ladino clover and orchard grass furnish most of the pasturage 
on this farm. In addition there is some woodland pasture where the 
cows are kept when the Ladino clover and orchard grass is being rested. 
On the Ladino clover and orchard grass pastures approximately 300 lb. 
of superphosphate per acre is used annually. 

Farm 5 —On this farm only permanent blue grass pasture is available. No 
attempt has been made to increase the pasture yield by use of fertilizer, 
reseeding, or other pasture improvement practices. 

Farm 6 —Permanent blue grass pasture is the mainstay on this farm. In 
the middle of the summer and early fall, however, the second growth 
clover in the hay fields is grazed. 
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Selection and Repeatability of Sires Used in Artificial Insemination. Rat 

Albrectsen, Cornell University. 

The artificial insemination program in New York has progressed to the 
point of making it possible to get an indication of the repeatability of the 
proved sires used. Seven proved Holstein sires used by New York State 
Artificial Breeders Cooperative, Inc., have been re-proved through their 
daughters in artificial insemination. Each of these sires has 14 or more 
comparisons in his re-proving; five have maintained or increased production 
in artificial service as measured by their daughters’ records. The data for 
these bulls is summarized as follows: 




Milk 

production 

(ib.) 

Fat 
• t6Bt 
<%> 

Fat 

production 

(lb.) 

7 Holstein sires, natural service 

183 Daus. Av. 

12,800 

3.5 

451 

No. of daughters equal to or 

Dams Av. 
Diff. 

11,610 
+1,190 

3.5 

- 408 
+ 43 

better than their dams 


126 

110 

130 

7 Holstein sires, artificial service 

183 Daus. Av. 

12,011 

3.6 

429 


Dams Av. 

11,991 

3.5 

422 

No. of daughters equal to or 

Diff. 

+ 20 

+ 0.1 

+ 7 

better than their dams 


98 

109 

96 


Many factors entering into this summary need to be considered, such as: 

(a) Variable environment of artificial heifers (76 different herds involved); 

(b) higher proportion of high producing mates (400 lb. or more fat, Natu¬ 
ral—53 per cent, Artificial—64 per cent); (c) quality of previous bulls; and 
(d) only records actually reported on 718 reports are used. 

Of the 183 dams bred artificially to the sires, 114 had average production 
over 400 lb. of fat, 29 over 500, and 3 over 600 lb. The 183 artificial progeny 
of these seven sires made records distributed as follows: 124 over 400 lb. 
butterfat, 31 over 500, 9 over 600, and 1 over 700 lb. 

Sires selected for use in artificial insemination as young sires and later 
proved offer an opportunity to evaluate selection methods under a very 
severe set of conditions. Five such sires, with 13 or more comparisons, have 
been proved exclusively through “artificial” daughters. Of thdse, one has 
been discarded on the basis of the production of his daughters, which is lower 
on the average than their dams. All of the bulls were selected on the basis 
of a herd breeding analysis; the four satisfactory bulls had daughters aver¬ 
aging over 400 lb. fat. 

The over-all performance of all sires used by the New York Artificial 
Breeders Cooperative, Inc., shows the tremendous possibility of herd im¬ 
provement through breeding. On cows averaging 275 lb. fat, an increase of 
79 lb. of fat was obtained. Dams averaging 333 lb. fat had daughters aver- 
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aging 41 lb. more fat, those averaging 376 lb. had daughters showing a 44-lb. 
increase, and those averaging 420 lb. had daughters producing slightly less 
fat than did their dams. The topmost group of dams averaged 505 lb. fat; 
their daughters averaged 473 lb. Studies by the Bureau of Dairy Industry 
show that about 0.5 per cent of all sires proved could maintain or increase 
a 500-lb. fat level. Two bulls in this study were able to do this. 

The average butterfat production per cow in New York is about 220 lb. 
fat. D.H.I.A. herds average around 345 lb. and the average production of 
the “artificial” heifers is about 415 lb. This startling difference reflects the 
variation in inherited ability to produce as well as the great differences in 
environment and opportunity afforded dairy animals. 

The Montana Elevated Cow Stall in the Open Shed-milking Stable Sys¬ 
tem. J. 0. Tretsven, Montana Extension Service. 

In November of 1946, the Montana Agricultural Experiment Station 
published a preliminary report of research work done on an elevated cow 
stall used in connection with the open shed-milking stable system of housing 
dairy cows. This stall was designed to reduce labor to a minimum, to 
simplify the feeding of grain, to make the milking of cows easier for the 
operator, to aid in the production of clean milk, and to provide for an easy 
and rapid exchange of cows through the milking stable. Dairy farmers who 
are using this type of stall report that it is highly practical. One man, with 
2 single-unit milking machines in a 4-stall setup, can milk 20 to 24 cows per 
hour. This includes bringing the cows into the stall, feeding grain, washing 
udder and teats, milking, caring for the milk, and turning cows out into 
the shed again. 

The stalls are made of pipe welded together and can be built on the farm 
at relatively low cost. Four stalls for the large breeds will require a stable 
17' x 17'. With this type of stall, the milker operates between the cows 
coming in from the head of the stall. The stable is built on two levels to 
eliminate stooping while milking. 

The floor, back of the stalls, and the stall floor is 32 inches above the floor 
between the stalls, the floor in front of the stalls, and the milkroom floor. 

The stalls are only 30 inches wide for the large breeds and are slightly 
narrower at the head end. To keep the cows quiet when milked, the feed 
box is set 16 inches above the stall floor and the stanchions are placed 20 
inches back from the front of the stall. 

The doors for admitting and releasing the cows are operated by the 
milker from the trenches between the stalls. 

All common makes of milking machines may be used. 

The Uninsulated Pen Barn in Wisconsin. G. R. Barrett, University of 
Wisconsin. 
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A 4-H Dairy Extension Service Program and Plan of Work. H. A. 

"WhJjMan, Cornell University. 

Problems which arise in conducting 4-H dairy work may differ widely 
between states and sections or even within certain states. Therefore, it often 
is difficult to set up a detailed program carrying with it a set of procedures 
or standards which may work alike everywhere. 

Nevertheless, the entire National 4-H dairy program and plan of work 
should provide a wide choice of projects and activities. It also should in¬ 
clude a proper balance of incentives as a further means of helping to reach, 
hold, and teach a greater percentage of rural boys and girls some of the 
fundamentals which underlie efficient dairy production. 

The suggestions which follow, while not necessarily complete, are written 
from the standpoint of the industry and mainly as a general guide in devel¬ 
oping state programs. The plan emphasizes the need of youth training as a 
major problem of the dairy industry. 

PROBLEM 

I. The development of future leaders, efficient dairymen, and purebred 
breeders. 

A. Importance of the problem. 

1. Only a very small percentage of dairy herds have been tested 
regularly, fed adequately, rated for type, analyzed for trans¬ 
mitting ability, or been headed by carefully selected sires. With 
the future calling for greater dairy farm efficiency, the need of 
changing from the old to the newer methods and working with 
youth becomes obvious. 

2. Boys and girls need a well-rounded experience, some income 

while on the farm, and an early training to prepare them for 
situations which they may face in later life. Competition from 
our industrial neighbors constantly will emphasize a need for 
higher yet efficient dairy production, greater acre yields, and a 
larger labor output per man per year. The apparent low level 
of human nutrition also calls for a program directed toward an 
improved diet of animal food products and expanded markets 
for these products. * 

II. Solution to the problem. 

A. A more active interest on the part of parents, the full cooperation 

of breeders, and the development of programs will help: 

1. Acquaint more boys and girls with the economic importance of 
dairy cattle as a source of farm income. 

2. Teach the fundamental importance of good dairy type and 
inheritance, the use of enough feed, proper management, ade¬ 
quate high yielding feed crops, and cattle health. 
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3. Demonstrate the use of practices which are followed by the more 
efficient dairymen and breeders. 

4. Encourage an income ownership in cattle through 4-H club 
projects. 

5. Encourage a wider use of animal food products in the diet for 
better health and expanded markets. 

III. Plan of activities. 

A. Sell the idea of starting more farm boys in dairy club work by 
using the radio, news articles, folders, posters, and by talks at 
schools and farm meetings. 

B. Enroll boys and girls in the established 4-H projects encouraging 
the use of cattle which have been selected soundly on a basis of 
high production inheritance and acceptable type. 

C. Visit or contact members at least once annually and keep in touch 
with county and state breed clubs and leading herd owners. 

D. Organize county adult leader-breeder committees as a means of 
getting help in developing programs, locating suitable calves, 
testing herds, breeding cattle artificially, visiting project members, 
enlisting breed club help, and securing qualified people to teach 
subject matter at meetings. 

E. Organize local clubs at which some special instruction may be given 
by such persons as successful dairymen, veterinarians, older 4-H 
members, extension dairymen, cow testers, technicians, and others. 

F. Hold local, county, district, and state meetings, contests, and shows 
to stimulate interest, to recognize the achievements of members, 
and to encourage greater effort. 

G. Assist in the development of some of the following national ac¬ 
tivities as an aid in the building .of stronger county and state 
programs: 

1. Judging. 

2. Records and management. 

3. Demonstrations. 

4. Exhibiting, fitting and showmanship. 

5. All-round achievement. 

6. Cooperative effort. 




THE FORTY-SECOND ANNUAL MEETING OF THE AMERICAN 
DAIRY SCIENCE ASSOCIATION 

R. B. Stoltz, Secretary-Treasurer 

The American Dairy Science Association assembled in the War Memorial 
Hall at the Ontario Agricultural College, Guelph, Ontario, Canada, on Tues¬ 
day, June 24, at 9:30 a.m. 

G. E. Raithby, local chairman, introduced President W. R. Reek, of the 
Ontario Agricultural College, after an organ prelude and the singing of 
* ‘ The King ’ ’ and ‘ ‘ America ’\ President Reek gave the welcoming address. 

Association President Fordyee Ely then was presented and gave the fol¬ 
lowing address: 


THE PRESIDENT’S MESSAGE 

First, may I take a moment to acknowledge the remarks of President 
Reek, of the Ontario Agricultural College, who has so graciously welcomed 
ns to the campus. We have been here only a short time but we feel the sin¬ 
cerity of the welcome which has been extended to us by members of the staff 
of this institution. His welcome starts this Forty-second Annual Meeting 
of the American Dairy Science Association in an atmosphere of good fellow¬ 
ship which, I am sure, will prevail throughout our sessions. There are many 
of us who are visiting this beautiful campus for the first time and I know 
that we will return to our respective institutions with a warm spot in our 
hearts for the Ontario Agricultural College, our gracious host on this occa¬ 
sion. For several months I have been very grateful for the invitation which 
was extended our Association to meet here, and I know that I voice the 
thoughts of all the members present at this meeting when I express our 
thanks for the many courtesies that have already been extended us as we 
have assembled. 

It seems quite fitting and proper in these times of international intrigue 
and suspicion that the American Dairy Science Association should meet in 
Canada. I started to say foreign soil; the situation, however, offers us an 
opportunity to reflect for a moment on how foreign is this soil of Canada; 
we certainly do not feel like strangers in a strange land. We have all heard 
it said that the boundary between Canada and the United States is the 
longest in the world on which a soldier has never stood guard and across 
which a malicious gun has never been fired. For reasons best known to 
others, and which we do not need to discuss here, there has always been a 
freer trade in education and ideas than in goods and services between Canada 
and the United States. This reciprocity of thoughts and ideas, in my 
opinion, is a much more valuable type of free trade than any other that can 
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exist between people and nations. Everything worth while begins with an 
idea in someone’s mind and when these are freely exchanged between people 
and nations there comes mutual respect and mutual understanding and a 
high degree of tolerance of each other’s rights. It makes one wonder if the 
lack of this is one of the main things wrong with our world today, as nations 
suspect each other and for that reason find it impossible to be tolerant of each 
other’s views. This meeting of the American Dairy Science Association is 
only another manifestation of this free exchange of thought. 

During the next 3 days there will be much discussion on what is new in 
dairy science. The papers and reports given here, together with the private 
exchange of ideas between those who are interested in similar fields of work, 
will greatly influence the work in these fields of endeavor, not only for the 
coming year but for years to come. 

Looking Back 

Many of us will recall quite vividly a paper given by Dr. Weaver, of 
Michigan, before a general session of our summer meeting in 1944. I recall 
that he traced a parallel graph of cow numbers and milk production and a 
gradual increase in population in our country since 1900. Now as we think 
back, since 1900 this country has gone through panic and pestilence, two 
wars followed by peace, economic upheaval in the form of inflation and defla¬ 
tion, repression and suppression; now someone has said we must be prepared 
for repercussions. It is very significant, however, that none of these has 
greatly affected the important place which dairying occupies in our country’s 
agriculture. It was pointed out, you will recall, that there exists almost a 
total lack of cyclic trends in cow numbers and milk production since 1900. 
There are more people per cow in our country today than at any previous 
date. On the other hand, we are told that there are about 16 years between 
cycles in beef cattle numbers, about 6 years between cycles in hog numbers, 
and a very short time, indeed, with reference to eggs and poultry. These 
are branches of agricultural effort that compete with cows for feed. These 
other branches of livestock are also more affected by economic stress and 
strain, but at the same time they are more adjustable on short notice than 
our dairy industry. This stabilizing effect of dairying on the agriculture 
of our nation and especially on the agriculture of a community is reflected 
in the people who milk cows for a living. Aside from a few of the very 
wealthy who pay each other high speculative prices for popularly bred cattle, 
dairymen are by their very nature conservative. Cows seem to appeal to the 
conservative minded farmers. Cows are in rhyme with conservation. This 
unwillingness to plunge exists as a healthy stabilizing force which affects our 
entire industry. 

The War Taught Us a Few Things 

We learned several very fundamental things during the war as everyone 
made the supreme effort to produce much-needed food. We learned, for 
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example, that kigh prices that were offered for milk stimulated the farmer 
to greater effort, but did not stimulate the cows very much. We learned that 
time had to pass before calves and heifers became producing cows and feed 
crops could be diverted into the mouths of cows. During the war period 
someone remarked, 11 Take good care of your cows; it takes longer to grow 
a cow than it does to build a battleship ’ \ We learned that sudden expansion 
of dairying was almost impossible. We accomplished about a 14 per cent 
increase in production over a period of 5 years. That was the best we could 
do in an all-out effort to produce, amounting to about 3 per cent per year 
under the stress of war need. When you compare this 14 per cent with the 
tremendous percentage of increase in other branches of agriculture that are 
more easily adjusted than dairying, then we realize again the stable perma¬ 
nence of our industry. 

During the war in our quest for more food we did a little too good a job 
forgetting about quality, and our standards were noticeably lowered. Right 
or wrong w r e lived by the rule that poor milk was better than no milk at the 
time we needed it so badly. Nineteen-forty-six, following V. J. Day, was a 
year when everyone sought an opportunity to relax. Rest seemed to be of 
paramount importance following the effort put forth in producing and 
processing food to win the war. As we stopped to catch our breath it became 
more and more apparent that the one who said, “Food will win the war and 
write the peace”, indeed predicted accurately. It was also freely predicted 
that Europe would need a couple of years to get back on an “eat-as-you-go” 
basis; we now know the error of this prediction, with more hungry nations 
than ever before in history. On this side of the Atlantic Ocean we have been 
singularly blessed with a series of bountiful crop years and we have extended 
this blessing to Europe in our food shipments. Someone said that for this 
reason the law of averages is against us for 1947, but we hope and pray that 
our luck will continue; 1947 looks good so far and the w r orld should be deeply 
thankful. 

We Are Awake in 1947 

With 1947 there has come a reawakening; we have caught our breath 
and we are tackling many problems with renewed vigor. It would be quite 
out of order for me to attempt in these few minutes to discuss fully the many 
problems that confront our industry in 1947. I think it would be a fair 
statement to say that is the real purpose of our meeting. The papers and 
reports that will be presented are given primarily with that thought in view; 
I will merely make a brief mention of a few. 

Renewed Efforts on Quality 

Nineteen-forty-seven has brought us a renewed interest in quality stand¬ 
ards for milk and other dairy products. With the help of members of our 
Association, regulatory agencies have perfected their techniques for meas- 
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uring quality and they are prepared to act in the interest of the public in 
more adequately enforcing quality standards. Nothing could be more funda¬ 
mentally sound at this time than aggressive action on the part of our industry 
in the field of quality appreciation, both with suitable price differentials to 
farmers and possibly more public education through the use of consumer 
grades on dairy products other than milk. All branches of the food indus¬ 
try face this same problem, but in our dairy industry it requires a lot of 
effort to bring order out of a condition which may be described as being more 
or less chaotic. I am of the opinion that the commercial dairy interests are 
more serious than ever before in their desire to solve quality problems. 
I also doubt if there is a single member of the staff of a dairy department 
here who has not been called into consultation with the commercial interests 
where help has been sought to devise workable plans for solving local quality 
problems. 

Farmers Help—In Sales 

Farmers are learning to realize their responsibilities not only with the 
quality problem but in many other problems dealing with sales and surpluses. 
We cannot say how much will be accomplished; probably only a step in the 
right direction can be accomplished at a time, but the work of the Ameri¬ 
can Dairy Association and their slogan of 4 ‘sales not surpluses * 9 is, of 
course, primarily a farmer movement with the support of the commercial 
dairy interests in collecting over a million dollars to support the program. 
This is a step in the right direction and exists as another illustration of 
cooperation within our industry instead of the old give and take which has 
too often existed between farmers and the men who buy their product. 

A Shortage of Trained Personnel 

Nineteen-forty-seven has brought to our industry, and especially to our 
college dairy staffs, personnel problems that are causing gray hairs to sprout. 
There have been many staff changes during 1946-47; to move seems to be the 
order of the day. This, with difficult housing facilities in college communi¬ 
ties, makes the problem indeed a serious one. There has never been such a 
shortage of trained personnel in the field of dairying as there is today. 
This fact challenges members of our Association who are charged with the 
responsibility of training new workers and teachers. Commercial branches 
of our industry are also short of this same type of trained worker, and as a 
result they lean very heavily on members of our dairy staffs who are fre¬ 
quently in a position to be helpful to them in meeting emergency situations. 
We welcome this close tie-up with our industry if it does not require too 
much of the time which should be devoted to our own prescribed duties. 

College and Breed Associations Are Closer Together Than Ever Before 

There exists a finer, more complete working relationship between our 
colleges and extension staffs and the breed organizations than ever before. 
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This is not something that just happens, however; it is the product of a 
gradual, constant, and everlasting effort on the part of members of this 
Association through the Breed Relation Committee and the Dairy Cattle 
Breeding Committee, and leaders of the respective breed organizations. I am 
very favorably impressed with the program of the Purebred Dairy Cattle 
Association as planned, and with the efforts which are being made by that 
group to work with committees of this Association. Already much has been 
accomplished in standardizing testing procedures and the rules under which 
the artificial breeding program may be conducted. 

There are found very few minor difficulties between the breeds in their 
classification program. The minor differences only exist in the efforts of 
one or more breeds to be a little more progressive as they initiate new pro¬ 
grams. The development of the artificial breeding program is largly a 
product of the membership of our Dairy Science Association, coupled with 
the encouraging sanction of these same breed organizations through their 
Purebred Dairy Cattle Association. More than a million cows are now signed 
up by organized artificial breeding associations, and 1 think our dairy indus¬ 
try should be everlastingly grateful to E. J. Perry, of New Jersey, who was 
mainly responsible for initiating the program that is operating in this 
country at present. There has been much productive research in this field, 
but we still know comparatively little about the proper nutrition of bulls, 
and the last word has not been said or written with reference to diluters. 
Just a little more productive research in these fields would further advance 
our methods in conducting the artificial breeding work that has already 
experienced revolutionary changes within the short period of 9 years. 

Some Movement South 

With 1947 there has come a new T sense of responsibility toward dairying 
as a source of agricultural income in the South. With the decentralization 
of industry which is taking place and the movement of some of this industry 
into the South there has come a new and greater demand for dairy products 
and the same for cows. There are a few advantages for dairying in the 
South and also in the same breath we might mention some disadvantages; 
I will not dwell on them. The fact remains, however, that there is a definite 
shift of our industry into Southern territory. Without exception leaders in 
ten Southern states have reported that the increase in dairying is not a 
temporary thing, but a permanent movement. In eight of ten Southern 
states development of dairying has been at the expense of “row crops’ 1 in 
general and cotton in particular. Dairy-mindedness seems to be the order 
of the day among the young people who have not had an opportunity to 
become so cotton-minded as some of the old timers. Money has been appro¬ 
priated by Legislatures of a number of the Southern states with the definite 
objective of developing dairy-mindedness among the youth of their respec- 
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tive states. A visit to some of the 4-H Club dairy shows that have developed 
in the Southern states is very convincing and serves to illustrate the enthusi¬ 
asm with which many Southern farmers are accepting dairying as a sub¬ 
stantial backlog in their fanning plans. Artificial breeding has just begun 
to reach into the Southern states; suffice it to say that these states are very 
serious in their intentions along lines of conservative dairy development, and 
I urge some of our Northern friends not to sell the South .short as they con¬ 
sider future dairy developments in this country. Worthwhile developments 
in any field of endeavor do not occur over-night; the change will come gradu¬ 
ally as fundamental difficulties are overcome. 

As I end these remarks I am mindful of the many standing and special 
committees which have faithfully functioned during the past year. As one 
becomes more familiar with the workings of our Association, one is impressed 
with the efficiency of our faithful Secretary and the effort and thought which 
he puts on the affairs of our Association. The American Dairy Science 
Association is now a big business enterprise with total assets just short of 
$50,000, with a net profit for the year of nearly $5,100. Things come from 
or go through the Secretary-Treasurer’s office with machine-like precision, 
and I think that we all should appreciate the value of the services which are 
rendered by this office. During the year Dr. F. E. Nelson, of Iowa State 
College, assumed the editorship of our Journal. While we were struggling 
to find a new editor, several of us wondered if we were actually ever going 
to be able to find a man who would give as devoted and complete a service 
as our former editor, Dr. T. S. Sutton. Dr. Nelson has taken over the duties 
very quickly and my private opinion is that if anyone can make us forget 
Dr. Sutton’s services, it is probably our present editor. 

You will be interested and gratified, I am sure, in reports of Dr. Nelson 
and Professor Stoltz, your Secretary-Treasurer. Many will be very much 
interested in an announcement which I believe our Secretary will make of 
a new award to workers in the field of nutrition, closely resembling the 
Borden Awards. How do you like the News Letter, a product of our new 
editor’s fertile brainf 

My tenure of office during the past year has been an enjoyable experience, 
and I am deeply grateful to the other officers and dirctors, as wqjl as the 
members of standing and special committees, who actually did the bulk of 
the work. 

The Honorable George A. Drew, K.C., Premier of the Province of Ontario, 
was then introduced and gave a most instructive address. 

Mr. Roberts Everett announced the purpose of the Dairy Industries 
Society International. 

There were 435 members present. 
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GENERAL MEETING OF THE AMERICAN DAIRY 
SCIENCE ASSOCIATION 

Guelph, Ontario, Canada, June 26, 1947 

President Ely called the meeting to order at 3 p.m. in the War Memorial 
Building. There were 166 present. 

editor’s report 

During 1946 the twelve scheduled issues of the Journal op Dairy Sci¬ 
ence, constituting volume XXIX, were published under the editorship of 
Dr. T. S. Sutton. This volume consists of 928 pages of original articles, 
announcements, proceedings of the annual business meeting, and indices, 
and 226 pages of abstracts and abstract indices. The total number of 
Journal pages devoted to material other than advertising was 1,154. 

The material published included 82 original papers (42 in the field of 
dairy manufacturing and 40 in the field of dairy production), 102 abstracts 
of papers presented at the Annual Meeting, and 447 abstracts of literature 
in the Abstract Section. 

Between January 1, 1946, and December 31, 1946, 87 papers were re¬ 
ceived. Of these, six were rejected. The number of unpublished papers on 
hand at the end of the year was 25. 

At the time the editorship was assumed by the present incumbent, E. G. 
Hastings and P. F. Sharp asked to be relieved of their duties as Associate 
Editors. W. E. Petersen has found it necessary to resign as Associate Edi¬ 
tor of the Abstract Section. The editor wishes to express the appreciation 
of the American Dairy Science Association for the fine work of these men 
on behalf of the Journal. E. P. Reineke and G. H. Wise have consented 
to act as Associate Editors of the Journal and already are at work. 

The editor washes to acknowledge the fine cooperation of those people 
who have contributed, in many instances anonymously, to the publication 
of the Journal op Dairy Science. 

In April the first issue of the New r s Letter was prepared and mailed to 
all of our members and student affiliates. A second issue was mailed in 
June. The favorable response to this new publication moves the editor to 
ask for approval for continued publication. 

Upon motion duly seconded the report of the Editor was approved 
unanimously. 

secretary-treasurer’s report 

Membership and Circulation . The report of our membership and total 
circulation for the past fiscal year and the first half of 1947 excels any previ¬ 
ous 18-month period. At the close of 1946 our total circulation was 2,877, 
which is over 400 higher than the highest circulation which our Journal has 
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had since its beginning. The former peak wasreached in 1941. As of June 
1,1947, our total circulation is 3,508, which is more than 1,000 higher than 
the previous peak of 1941. Our membership as of June 1,1947, has reached 
1,602, our subscribers 1,292, and we now have 546 student affiliates, which'is 
150 more than the peak in 1941. The following table gives you the total 
circulation as of December 31 for the past 10 years and as of June 1 this 
year. 


Dec. 31 

Members 

New 

members 

Subscribers 

Associate 

sub¬ 

scribers 

Student 

affiliates 

Total 

Domestic 

Foreign 

1937 

928 


360 

385 

110 

30 

1813 

1938 


332 

352 

395 

125 

81 

2054 

1939 

1465 

419 

321 

385 

73 

156 

2400 

1940 

1339 

105 

331 

360 

62 

283 

2375 

1941 

1321 


353 

316 

66 

391 

2447 

1942 

1276 

100 

371 

312 

49 

235 

2143 

1943 

1324 

134 

463 

208 

85 


2188 

1944 

1388 

111 

519 

233 

81 

45 

2266 

1945 

1407 

105 

586 

291 

83 

32 

2399 

1946 

1583 

223 

677 ! 

! 350 

85 

182 

2877 

June 1, '47 

1602 

90 


487 

68 

540 

3508 


The following data are a summary of our loss and gain in members for 
the year 1946: 


Membership, December 31, 1945 
Gain: New members, 1946 . 

Former student affiliates 


1407 

228 

14 


Total gain 242 

Loss: Members resigned and delinquent for 1946: 

Delinquent . 35 

Resigned ... 27 

Deceased .... . . ... 4 

Total loss . . .66 

Net gain in membership 176 

Membership, December 31, 1946 1583 


You will be interested to know that this year over 75 per ceqt of our 
members paid their dues previous to January 1. 

Our circulation by states as of June 1, 1947, is as shown in the table on 
page 607. In computing the total circulation in this table, the new members 
as listed in the second column are included in the first column also and conse¬ 
quently are not included in the total column. 

The states with the highest membership are: 

First—Ohio . 165 Third—New York. 147 Fifth—Wisconsin . 95 

Second—Illinois . 157 Fourth—Pennsylvania 109 Sixth—California . 71 
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The states with the largest number of subscribers are: 

First—New York_108 Third—Illinois .:- 64 Fifth—Pennsylvania ... 44 

Second—California _ 70 Fourth—Ohio --- 48 Sixth—Wisconsin _ 37 
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The states with the largest number of student affiliates are: 

First—Iowa . ... 71 Third—Wisconsin 56 Fifth—Pennsylvania . 31 

Second—Ohio . . 58 Fourth—Georgia 34 Sixtli—Texas 27 


Student Branches. Certificates have been issued to Student Branches of 
the American Dairy Science Association at the following schools during the 
past year: 


University of Connecticut 
University of Georgia 
Iowa State College 
University of Kentucky 
University of Massachusetts 
University of Missouri 
Washington State College 


Cornell University 
Oregon State College 
Pennsylvania State College 
University of Tennessee 
Texas Tech. College 
Virginia Polytechnic Institute 
University of Florida 


Bach Copies. During the past year the income from the sale of back' 
copies amounted to $2,032.46. We have not reproduced any numbers this 
past year. We do not have complete volumes of nos. VI, XI, or XXIX. 
About eleven numbers of our back copies should be reproduced when print¬ 
ing costs are more favorable. 

Advertising. The income from advertising during the past year is the 
greatest income which we have ever had. The number of pages of adver¬ 
tising during the past year was 188, which is slightly less than last year. 
The income from advertising for 1946 was $7,479.43. 

We are pleased to take this opportunity to again express our grateful 
thanks to the companies that use our Journal as an advertising media. Any 
courtesies shown our advertisers will be greatly appreciated. 

Financial. The income for 1946, amounting to $25,970.04, is the largest 
income during any year of our organization. Our expenses, which also 
excelled previous years, were $21,487.60, leaving us an operating profit of 
$4,483.34 as of December 31,1946. Our net worth was $35,105.51, which is 
$5,097.34 higher than last year's net worth. We had an investment in gov¬ 
ernment bonds of $30,799. A complete report of the Certified Public Ac¬ 
countant was sent to each Officer and Director on March 19,1947. 

The Secretary wishes to take this opportunity to express his gratitude 
and thanks to the officers and members of the organization for the; splendid 
cooperation that they have given him. 

Respectfully submitted, 

R. B. Stoltz, Secretary-Treasurer 

Upon motion duly seconded, the report was approved. 


AUDITING COMMITTEE REPORT 

The President then requested the report of the Auditing Committee, 
which was given by Mr. W. B. Krauss. 
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April 7, 1947 

To the Directors and Members of the 
American Dairy Science Association 
Gentlemen : 

The Auditing Committee of the American Dairy Science Association met 
with Mr. Walter C. Burnham, the certified public accountant who examined 
the financial statement of the Secretary-Treasurer of the American Dairy 
Science Association. The Committee met with Mr. Burnham in Columbus 
on April 7, 1947. 

Mr. Burnham stated that he had made a careful audit of the accounts, 
checked the bank statement and reconciled the checking account. He also 
stated that he counted the bonds held by the Association. 

After conferring with Mr. Burnham, the Committee is satisfied that the 
statement submitted by the Secretary-Treasurer is correct. We recommend 
that it be accepted by the Board of Directors and the members of the Ameri¬ 
can Dairy Science Association. 

Respectfully submitted, 

0. F. Garrett, R. A. Larson, W. E. Krauss 

Upon motion duly seconded, the report of the Auditing Committee was 
accepted and ordered filed. 

REPORT OF THE EXTENSION SECTION 

The first session of the Extension Section was called to order at 1: 00 p.m., 
June 24, by Chairman W. T. Crandall. Due to the resignation of Arthur 
Porter as Secretary, the Chair called for nominations to fill this office, and 
G. Heebink was elected. The chairman appointed Loveland, Harris, and 
Heebink to the Resolutions Committee and L. A. Johnson, Yergeront, and 
Burke to the Nominating Committee. 

The report of the Dairy Records Committee was given by J. F. Kendrick 
and Arthur Porter. An interesting report on Canadian Registration and 
Production Policies was given by G. E. Raithby. R. R. Starbuck discussed 
Dairy Service Co-operatives in Ohio. A plan for estimating the yield of 
pasturage on farms was presented by R. E. Hodgson and Floyd Arnold. 
Fifty-nine people from 27 provinces and states registered at this session. 

At the second session a film entitled “A Challenge to New York Dairy¬ 
men,’ 9 was shown, and exhibits presented by Ontario, New York, Iowa, 
Pennsylvania, Missouri, Michigan, Montana, New Hampshire, and Cali¬ 
fornia were examined and discussed. 

The third session was held jointly with the Production Section. To avoid 
duplication in reporting this session, the Production Section will cover the 
report of the Dairy Cattle Health Committee, which was adopted. 

The report of the Dairy Cattle Breeding Committee, which consisted 
largely of recommendations to the Purebred Dairy Cattle Association and 
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pertained chiefly to methods of proving sires and of approving artificial 
breeding organizations and inseminators, was adopted. 

The Breeds Relations Committee’s report, which covered recommenda¬ 
tions in regard to uniform rules for official testing, D.H.I.A. testing, and for 
the proving of sires, was adopted. 

The symposia on health and the national testing program, in which the 
Purebred Dairy Cattle Association cooperated, generated much interest and 
discussion. 

At the session on Thursday morning Ray Albrectsen presented a paper 
on the Selection of Sires for Artificial Breeding Associations. Resolutions 
pertaining to universal pasteurization of milk and to interstate traffic in 
cattle infected with Bangs disease were offered and rejected. A resolution 
regarding thyroprotein was adopted. J. A. Nelson read a paper, prepared 
by J. 0. Tretsven, on the Montana Elevated Cow Stall. The Uninsulated 
Pen Bam in Wisconsin was discussed by G. R. Barrett. Gearhart and Stal- 
lard exhibited and discussed new types of D.H.I.A. equipment. 

The final session was devoted largely to a discussion of 4-H Club work, 
which was led by G. W. Yergeront and J. C. Nageotte. 

The report of the Nominating Committee, which nominated C. W. 
Reaves of Florida as Secretary of the Extension Section, was adopted. The 
officers for the coming year are as follows: E. H. Loveland, Chairman, 
G. Heebink, Vice-Chairman, and C. W. Reaves, Secretary. 

Respectfully submitted, 

Floyd Arnold, Chairman 
E. H. Loveland, Vice-Chairman 
G. Heebink, Secretary 

Upon motion duly seconded, the report was accepted. 

REPORT OF THE MANUFACTURING SECTION 

The programs for the Manufacturing Section were held during the after¬ 
noons of Tuesday, June 24, Wednesday, June 25, and Thursday, June 26, 
with C. L, Hankinson as General Chairman. 

Thirty-five papers were accepted for the program and only one (M6) 
was not presented. In addition to the regular papers, three invitational 
papers were given. • 

The business meetings of the Manufacturing Section were held Wednes¬ 
day afternoon and Thursday morning. 

The Committee on Reorganization and Records, with S. T. Coulter as 
Chairman, reported a proposed constitution and by-laws for the Manufac¬ 
turing Section, which was accepted. 

Article I 

Name 

This organization shall be known as the Manufacturing Section of the 
American Dairy Science Association. 
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Article II 

Membership 

Any member of the American Dairy Science Association interested in 
dairy manufacturing shall be eligible for membership. 

Article III 

Officers 

Section 1. The officers of this organization shall be a chairman, a vice- 
chairman and a secretary. 

Section 2. Election of Officers. The officers shall be elected annually 
at the second business meeting and shall hold office for one year or until 
their successors are elected. Prior to the first business meeting of the Sec¬ 
tion, the chairman shall appoint a nominating committee of three members 
whose duty it shall be at the time of the first meeting to place in nomination 
one or more members for each office. Any member shall have the privilege 
of placing other names in nomination for each office at either meeting. It 
shall be the intent of the organization that the vice-chairman succeed to the 
chairmanship for the following year; that the secretary succeed to the vice¬ 
chairmanship ; and that the chairmanship alternate between a man from 
“industry” and a man from “college”. 

Section 3. The officers of the organization shall perform the duties 
generally assigned to such officers, and in addition shall constitute the pro¬ 
gram committee of the section. In order to provide a permanent file of the 
records of the section, the secretary at the close of his term in office shall 
send all section records to the Secretary of the American Dairy Science 
Association. 

Section 4. In the absence of the chairman, the vice-chairman shall 
assume the duties of the chairman, and in the absence of both, the secretary 
shall assume the duties of the chairman. 

Section 5. Committees. All committees shall be appointed by the chair¬ 
man. The chairman may be directed by a majority vote of the membership 
present at any meeting to appoint committees, or may himself make ad 
interim committee appointments for specific duties. The duties of each com¬ 
mittee shall be specifically provided for at the time it is appointed. Each 
committee shall be required to report at the annual meeting on what was 
accomplished and shall then be discharged of its responsibilities unless re¬ 
tained by a majority vote of the Section, in which case the membership shall 
be appointed as for new committees. 

. Article IV 

Meetings 

There shall be two business meetings each year, which shall be held in 
conjunction with the annual meeting of the American Dairy Science Associ¬ 
ation. 
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Article V 

Parliamentary Authority 

The rules contained in “Roberts’ Rules of Order, Revised” shall govern 
the organization in all cases to which they are applicable and in which they 
are not inconsistent to these by-laws. 

Article VI 

Amendment to the Constitution and By-laws 

The Constitution and By-laws may be amended at any regular meeting 
of the organization by a majority vote. 

Standing committee reports were presented and accepted as follows: 

(a) Committee on Milk, E. 0. Herreid, Chairman (three members of his 
sub-committee submitted written reports). 

(b) Committee on Butter, G. H. Wilster, Chairman. 

(c) Committee on Products Judging, G. M. Trout, Chairman. 

Motions were passed as follows: 

1. That the Committees on Milk, on Butter, and on Products Judging be 
continued. 

2. That proposal be made to the Editorial Board to reconsider the matter 
of publication of abstracts prior to meetings. 

Two new officers elected were E. M. Barker, Vice-Chairman, and D. V. 
Josephson; Secretary. The officers, therefore, for the coming year are as 
follows: P. R. Elliker, Chairman, E. M. Barker, Vice-Chairman, and D. V. 
Josephson, Secretary. 

Respectfully submitted, 

C. L. Hankinson, Chairman 
P. R. Elliker, Vice-Chairman 
J. M. Trimble, Secretary 

Upon motion duly seconded, the report was accepted. 

REPORT OF THE PRODUCTION SECTION 

The Production Section held six sessions at which some 60 papers were 
presented. Because of the large number of papers to be presented, it was 
necessary to have some of the sessions run concurrently. 

In addition, one session was held in conjunction with the Extension 
Section. Committee reports were made by the Dairy Cattle Health Com¬ 
mittee, the Dairy Cattle, Breeding Committee, and the Breeds Relations Com¬ 
mittee. Two symposia were held, one on “Brucellosis in Cattle” in which 
Dr. B. T. Simms, Chief of the Bureau of Animal Industry, discussed the 
various problems of the control and eradication of the disease. The subject 
of the second symposium was “Getting the Most Out of Our Nation-wide 
Testing Program”. The paper prepared by G. A. Bowling entitled “The 
Testing Program from the Standpoint of the Purebred Dairy Cattle Associ- 
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ation” was read. C. T. Conklin discussed *‘ Increasing the Usefulness of the 
Testing Program to the Dairy Cattle Breeders” Floyd Johnston discussed 
4 ‘The Responsibilities in the Testing Program”. C. W. Turner and R. W. 
Graham discussed “Thyroprotein and Official Testing”. 

The following reports were presented and accepted by the Production 
and Extension Sections in joint session. 

The Report of the Dairy Cattle Health Committee covered the various 
aspects of dairy cattle health. The subjects of Brucellosis, Tuberculosis, 
Foot and Mouth Disease, Johne’s Disease, Interstate Cattle Shipments, 
Breeding Troubles, Saif Raising, Mastitis, Greater Milk Sales, Longer Pro¬ 
duction Life, and Herd Management were considered. The report concludes 
“That the Colleges and Experiment Stations remain the bulwark of research 
and information. The Extension Service and the Veterinary profession 
provide the field medium of health education distribution. Keeping abreast 
of the problems, finding their solutions and adequately disseminating the 
facts is the herd health challenge we face today and in the future.” Resolu¬ 
tions on Foot and Mouth Disease and Johne’s Disease were drawn for the 
acceptance by the general session of the Association. 

The Report of the Dairy Cattle Breeding Committee was read and 
accepted. 

A Report of the Activities of the Dairy Cattle Breeding Research Council 
of the Purebred Dairy Cattle Association was read by Dr. H. A. Herman. 
The purpose of this council is to give greater encouragement, in cooperation 
with experiment stations and colleges, to research in dairy cattle breeding 
in its broadest phases, such as production, reproduction, type, and economics 
of dairy farming. 

The Report of the Breeds Relations Committee was read and accepted. 

In addition to the preceding committee reports of the combined sections, 
the following reports were read and accepted by the Production Section in 
a separate business session. 

The Committee on Resolutions of the Production Section consisted of 
I. W. Rupel, L. 0. Gilmore, and J. H. Hilton, Chairman. Their report was 
read and accepted. Two resolutions were adopted for the consideration of 
the general session. 

It was voted to consider the possibilities of publishing the paper given 
by Dr. B. T. Simms, on Brucellosis, in the Journal of Dairy Science. This 
paper was given at the Joint Symposium of the Production and Extension 
Sections. 

The Dairy Cattle Judging Committee Report was made by R. E. Johnson. 
Consideration was given to the awarding of the judging scholarships. It was 
voted to leave the matter to the discretion of the Awards Committee. 

The Nomination Committee of the Production Section consisted of H. P. 
Davis, G. W. Salisbury, and J. P. LaMaster, Chairman. Nominations for 
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Secretary were presented. G. M. Cairns, of Maryland, was elected, making 
the officers for the coming year as follows: G. H. Wise, Chairman, L. A. 
Moore, Vice-Chairman, and G. M. Cairns, Secretary. 

Respectfully submitted, 

D. M. Seath, Chairman 
G. H. Wise, Vice-Chairman 
L. A. Moore, Secretary 

Upon motion duly seconded, the report was accepted. 

The minutes of the Executive Board were then read, and upon motion 
duly seconded, they were adopted unanimously. 

national research council report 

The most important action taken by the Division of Biology and Agri¬ 
culture, National Research Council, with which the American Dairy Science 
Association is affiliated, concerned the establishment of an Institute of Bio¬ 
logical Sciences. In my report a year figo I called attention to the proposed 
establishment of an Institute of American Biologists. During the past year 
progress has been made in the development of this Institute, which, by the 
way, has been renamed the “Institute of Biological Sciences”, since the old 
name implied a narrower coverage of fields than the new one. The National 
Research Council assigned funds to assist in starting this organization and 
on March 18, 1947, a selected advisory committee with E. G. Butler, of 
Princeton University, as chairman, met in the National Research Council 
Building, Washington, D. C., to discuss procedure for organizing the Insti¬ 
tute. At this meeting Dr. H. B. Steinback, of Washington University, con¬ 
sented to act as Temporary Executive Secretary. This committee took the 
following action: “This committee recommends the establishment of an 
organizing board for the American Institute of Biological Sciences to be 
made up of one representative from each of the member societies of the 
Division of Biology and Agriculture and to include the members of the 
Advisory Committee”. 

Dr. Griggs, chairman of the Division of Biology and Agriculture, was 
instructed to call a meeting of an organizing board as suggested by the 
Advisory Committee. It was held in the National Research Council Build¬ 
ing, Washington, D. C., at which time a proposed constitution and budget 
for the first year were accepted. These, together with a statement of specific 
services this Institute might render its members, are -attached. 

Besides the usual reports of its committees, which were made to the Divi¬ 
sion of Biology and Agriculture during the year, no other action need be 
noted. 

Respectfully submitted, 

C. T. Cannon 

.Upon motion duly seconded, the report was approved. 
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INTER-ASSOCIATION COUNCIL ON ANIMAL DISEASE AND 
PRODUCTION REPORT 

During the past year the Council held a meeting in November at Chicago. 
The program, “Protecting and Promoting the Livestock Industry”, was 
reviewed. Because of the delays encountered in obtaining approval from 
the member associations, the Council had been unable to activate the pro¬ 
gram. In the meantime, however, the interest created by the proposals as 
they were considered by the membership of the associations had served to 
provide wide acquaintance with the program. As a result, practically all 
of the proposals were being studied by appropriate committees of the Agri¬ 
cultural Board of the National Research Council. Consequently, the Council 
felt it would not be advisable to attempt to duplicate such committees and 
tabled the program as having accomplished the desired action. 

The need for a more comprehensive study and program on Brucellosis 
in all its aspects is being met by the appointment of a new committee of the 
National Research Council. 

One of the most important subjects discussed at the annual meeting was 
the shortage of Animal Scientists. Actually, this represents only a portion 
of the Nation’s shortage and the Association’s attention is directed to the 
National Research Council Reprint and Circular Series no. 127, April, 1947, 
on “The Shortage of Professional Workers in Agriculture and in Forestry”. 
The estimated need for new men with Ph.D. training will total 5,080 in the 
decade 1946-1955. This is approximately 50 per cent larger than the num¬ 
ber now engaged in these fields. To meet the demand, concerted action on 
a broad front is indicated and the Council favored the formation of an Insti¬ 
tute of Biologists. Rarely is one association large enough to meet its own 
needs for public relations programs but the pooling of resources of all associ¬ 
ations would provide for satisfactory action without undue strain upon small 
individual associations. 

The Council" recommends that the member associations continue to have 
symposia at their annual meetings in order that subjects of common interest 
to two or more associations will be discussed from the widest possible points 
of view. 

Due to the pressure of responsibilities as head Of the Agricultural Re¬ 
search Administration, U.S.D.A., Dr. Lambert found it necessary to resign. 
The American Society of Animal Production has appointed Dr. B. A. Live- 
say, West Virginia University, to fill Dr. Lambert’s unexpired appointment. 

The Council recommends that the member associations continue their 
financial support on the same basis as established earlier. 

Respectfully submitted, 

W. E. Petersen 

Upon motion duly seconded, the report was approved. 
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NECROLOGY COMMITTEE 

Ernest H. Brancroft, of Barre Town, Vermont, died December 17, 1945, 
soon after returning home from the 29th annual convention of the National 
Cooperative Milk Producers’ Federation, of which he was a director. Dr. 
Brancroft was graduated from the Chicago Veterinary College in 1911. He 
was instrumental in the founding of the Granite City Cooperative Creamery 
in 1920 and was active in the dairy affairs of Vermont the remainder of his 
life. He was interested in politics. In 1925-26 he was a member of the Ver¬ 
mont House of Representatives and from 1929 to 1932 he was in the Vermont 
Senate. Dr. Brancroft is survived by Mrs. Brancroft, seven children, and 
four grandchildren. 

F. W. Burns was born at Wayne, Illinois, in 1896. He went to Alabama 
Polytechnic Institute in 1917, where he taught for 7 years, becoming dairy 
specialist of the Alabama Agricultural Extension Service, which position he 
held until his death on April 11, 1945, following a heart attack while on a 
pasture tour. Professor Burns was active in state, community, and church 
affairs. He is survived by Mrs. Burns, a daughter, and a sister. 

Forrest Clifton Button, 52, of Highland Park, New Jersey, died unex¬ 
pectedly at his home, May 27, 1947, after a heart attack. He was working 
in his garden when he became ill. He was graduated from the College of 
Agriculture at Cornell University in 1916, and he received the Master’s de¬ 
gree from Cornell University in 1932. Mr. Button was professor of dairy 
manufactures at the New Jersey College of Agriculture. He was interested 
in many civic, social, scientific, and religious organizations. During World 
War I he was with the U. S. Health Department. He is survived by his 
wife, a son, and two brothers. 

Oscar Erf, 72, died at the home of his son, Dr. Lowell A. Erf, of Phila¬ 
delphia, Pennsylvania, on April 28, 1947. He was a native of Monroeville, 
Ohio. He received his first college degree from Ohio State University in 
1899. He later studied at the Von Behring Physiological Institute in Ger¬ 
many, and was awarded an advanced degree in 1903. Before being called 
to head the Department of Dairying at Ohio State University in 1907, he 
served in that position for a few years in the Kansas State College of Agri¬ 
culture and Applied Science. He became professor emeritus in 1940 and 
was retired in 1945. Professor Erf was one of the founders of Xlpha Zeta. 
a* professional agricultural fraternity, and had served as Vice-President of 
the American Dairy Science Association. 

Joseph N. Hopkins, Chief of the Dairy Products Laboratory of the State 
Department of Agriculture, died unexpectedly in Raleigh, North Carolina, 
on March 29, 1947. Immediately on release from the U. S. Army he had 
accepted this position. He was graduated from the Virginia Polytechnic 
Institute in 1932, and he was granted the degree, Master of Science, by Ohio 
State University in 1936. He is survived by Mrs. Hopkins, three daughters, 
his parents, and one sister. 
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Samuel D. Isaly, 47, died suddenly of a coronary occlusion in Phoenix, 
Arizona, on December 3, 1946. He was born in Mansfield, Ohio, and was 
graduated from the University of Chicago in 1920. For the past several 
years he was president and manager of the Isaly Dairy Company of Youngs¬ 
town, Ohio, and the Secretary-Treasurer of the Isaly Dairy Company of 
Pittsburgh, Pennsylvania, a separate company. He also was an officer and 
a director of the Isaly Dairy Companies in Mansfield, Marion, and Columbus, 
Ohio. Mr. Isaly was active in local dairy and civic affairs as well as being 
interested in several national and international dairy organizations, among 
them being the American Dairy Science Association. He is survived by 
Mrs. Isaly, a daughter and son, a brother, and two sisters. 

Charles D. Miller, of the Miller Icc Cream Company, Eaton Rapids, 
Michigan, was killed in a private airplane crash December 14,1946. 

Henry Rive, 1881-1946, was born in Jersey, Channel Islands. He was 
graduated from Toronto University in 1903 with B.S.A. degree, and was 
instructor in the Department of Dairying, Ontario Agricultural College, 
1903-04. Mr. Rive was employed in commercial creamery work in the 
Province of Ontario from 1905 to 1909. He was appointed Dairy Instructor 
and Inspector in British Columbia in 1910, continuing until 1919. He saw 
military service in World War I. Appointed Dairy Commissioner with the 
Provincial Department of Agriculture, Victoria. B. C., July, 1919, he died 
just 2 weeks before he was due for retirement at. the age of 65 years. 

Respectfully submitted, 

• 7 R. B. Becker 

H. S. Willard 
E. S. Guthrie 

Upon motion duly seconded, the report was accepted. 

resolutions committee 

Mr. W. E. Krauss, Chairman of the Resolutions Committee, submitted 
the following report, and upon motion duly seconded, it was adopted. 

Whereas : The Ontario Agricultural College and the Ontario Veterinary 
College, through their administrative staffs and faculty, have made available 
to the American Dairy Science Association in this its 42nd Annual Meeting 
all needed physical facilities for the meeting, and 

Whereas: Every possible personal courtesy has been given to members 
of the Association, and 

Whereas: The messages of President Reek and Premier Drew at the 
opening session of the meeting have been exemplary of the spirit of excellent 
international relationships and attitudes, 

Therefore, be it Resolved: That the American Dairy Science Association 
herewith officially extend its thanks and appreciation to the Ontario Agri¬ 
cultural College and the Ontario Veterinary College, and that the President 
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of this Association express this appreciation by letter to President W. R. 
Reek, Principal A. L. McNabb, and the Honorable George A. Drew. 

Whereas : Because of interruption of mail service and lack of funds dur¬ 
ing and following World War II many institutions and individual w<)rkers 
in foreign countries have failed to receive scientific journals, experiment 
station and agricultural college publications, and reprints of published 
articles in the field of dairy science, 

Therefore, be it Resolved: That the membership of the American Dairy 
Science Association be encouraged, through institution, department, con¬ 
cern, and individual effort, to supply such literature as the needs of institu¬ 
tions and individuals become known. 

Whereas : The world food situation is still acute and probably will con¬ 
tinue to be for some time, and 

Whereas : Milk and products derived from it afford a sound basis around 
which to build satisfactory and economical diets, 

Therefore, be it Resolved: That the American Dairy Science Association 
encourage greater and more efficient production of high quality milk. 

Whereas: The Borden Company has again considered it desirable to 
offer their awards for outstanding research in dairy manufacturing and 
production, 

Therefore, be it Resolved: That the American Dairy Science Association 
express to the Borden Company its sincere appreciation of this evidence of 
interest in research which plays such a vital role in the progress of the dairy 
industry. . 

Whereas: The American Feed Manufacturers Association has inaugu¬ 
rated an award to be presented by the American Dairy Science Association 
for the most outstanding research contribution in the field of dairy cattle 
nutrition, 

Therefore, be it Resolved: That the American Dairy Science Association 
express to the American Feed Manufacturers Association its sincere appreci¬ 
ation of this evidence of interest in research which plays such a vital role 
in the progress of the dairy industry. 

Whereas : The Purebred Dairy Cattle Association has established a Dairy 
Cattle Breeding Research Council for the purpose of encouraging and sup¬ 
porting research in the field of dairy cattle breeding in cooperation with 
federal and state experiment stations, and 

Whereas: Members of the American Dairy Science Association have 
been asked to serve on various committees of this council, 

Therefore, be it Resolved: That the American Dairy Science Association 
hereby commend the Purebred Dairy Cattle Association for this important 
forward-looking action. 

Whereas: Heavy volume production of milk and its products at all 
times is vital to the nutritional and health requirements of all adults and 
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children of Canada and the United States and to the prosperity of the dairy 
community generally, and 

Whereas : Healthy dairy animals are the basis of the vast dairy indus¬ 
tries of these countries and are essential to the production and maintenance 
of this necessary high milk volume, and 

Whereas: Foot and mouth disease, a dreaded livestock malady, now 
present in Mexico, if not finally eradicated threatens the welfare of our 
citizens and our dairy and livestock industries, 

Therefore, be it Resolved: That the American Dairy Science Association 
hereby recognizes and points out the seriousness of this catastrophe which 
has befallen the livestock industries of our neighboring Republic to the 
South, and 

Be it further Resolved: That the American Dairy Science Association 
support the action of the United States Government and its Bureau of Ani¬ 
mal Industry actively to cooperate with Mexican livestock sanitary authori¬ 
ties to control and stamp out this disease. 

Whereas: Johne’s disease or paratuberculosis is a chronic, insidious 
disease of cattle, sheep and goats, which is on the increase in this country 
and is more wide-spread than is publicly known, and 

Whereas : This disease is a potential danger to the health of herds, since 
dependable, practical field tests for diagnosis are unknown in spite of much 
fundamental research, 

Therefore, be it Resolved: That the American Dairy Science Association 
go on record as favoring and encouraging further active research by the 
U. S. Department of Agriculture and the several states in the field of diag¬ 
nostic methods which will eventually result in more accurate and more 
reliable tests that may be extensively applied to prevent and to control 
Johne’s disease, which is now such a baffling problem to dairymen and 
veterinarians. 

Whereas: Much of the commercial vaccine used in the program of 
Brucellosis control is of questionable value when used, and 

Whereas: There is just cause for much confusion in the minds of 
farmers, veterinarians, and other leaders who are called upon to advise 
farmers in their choice of programs for the control of Brucellosis, and 

Whereas: These conditions jeopardize the results of the program aimed 
at the control of this difficulty, 

Therefore, be it Resolved: That the American Dairy Science Association 
go on record as recommending that the preparation, distribution, and use 
of vaccine to be used in the control of Brucellosis be placed under the control 
of the Bureau of Animal Industry of the United States Department of 
Agriculture. 

Whereas: The incidence of human Brucellosis is increasing to the point 
where this disease constitutes a major public health problem, and 
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Whereas : The incidence of human Brucellosis is related to the incidence 
of bovine Brucellosis, 

Therefore, be it Resolved: That the American Dairy Science Association 
recommend that universal pasteurization of the milk and cream supply 
would be a desirable public health measure and that the dairy industry be 
encouraged to take steps to bring this practice about, and 

Be it further Resolved: That the membership of the American Dairy 
Science Association, through its teaching and extension activities, encourage 
home pasteurization of the milk and cream supply in rural homes, and in 
urban homes where pasteurized milk and cream are not now available. 

Whereas: There is lack of agreement among investigators as to the 
desirability of widespread use for dairy cattle of thyroid extract, thyroxine, 
or any product producing thyroidal effects, 

Therefore, be it Resolved: That the American Dairy Science Association 
recommend that further research on these products be undertaken and pur¬ 
sued to the point where clarity of results are obtained. 

, Respectfully submitted, 

G. H. Wilster, G. W. Vergeront, J. H. Hilton, 

K. L. Turk, W. E. Krauss, Chairman 

registration committee 

Mr. John Eccles, Dean of Men, made the following report for the Regis- 


tration Committee. 

Upon motion duly seconded it was accepted. 


New York . 

52 

New Hampshire 

7 

Washington 

2 

Ohio . 

42 

Nebraska 

7 

Connecticut 

2 

Illinois . 

35 

West Virginia 

7 

Kansas 

2 

Wisconsin. 

29 

Virginia . 

6 

Wyoming 

1 

Pennsylvania . 

21 

Tennessee . . 

5 

Arkansas 

1 

Minnesota . 

21 

Kentucky 

4 

Alabama 

1 

Michigan . 

19 

Quebec 

4 

Georgia 

1 

Maryland 

15 

California 

4 

Florida 

. 1 

New Jersey .. 

14 

South Dakota 

4 

Louisiana 

. 1 

Ontario . 

13 

South Carolina 

3 

Maine 

1 

Vermont. 

12 

Texas . 

’ 3 

Mississippi 

1 

Washington, D. C. .. . 

11 

Rhode Island, . 

3 

Montana 

. 1 

Indiana. 

10 

Massachusetts 

3 

North Dakota % 

1 

Iowa . 

10 

Oregon . 

2 

Cuba 

. 1 

Missouri. 

9 

Oklahoma . 

2 

Nova Scotia . .. 

.. 1 

North Carolina . 

9 

Utah . 

2 

Manitoba . . 

1 


407 

Registration of members . 407 

Registration of non members . .. . 176 

Total registration . 683 

Women and children. 328 

Total attendance . 911 
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Members from 4 provinces in Canada, 43 states in the United States, and 
the District of Columbia were in attendance. Non-members attended from 
Chile, Colombia, Hawaii, India, Holland, Sweden, and China. 

Mr. Borland moved and Mr. Davis seconded that all action of the Execu¬ 
tive Board during the past year be approved. 

MEETING OP THE EXECUTIVE BOARD 
AMERICAN DAIRY SCIENCE ASSOCIATION 

R. B. Stoltz, Secretary-Treasurer 

The Executive Board transacted the following business: 

Approved the Editor’s Report. 

Approved the Minutes of the past Annual Meeting. 

Approved the Secretary-Treasurer’s Report. 

Authorized the Secretary to purchase back copies of the Journal. 

Approved the report of the Auditing Committee. 

Increased the budget for 1947 from $23,000 to $25,800. 

Approved and prepared a budget for 1948 of $28,800. 

Received the report of the representative of the National Research 
Council. 

Placed on the table the question of affiliating with the International Dairy 
Federation. 

Approved a plan submitted to handle student affiliates by groups rather 
than by individuals. 

Accepted the proposal of the American Feed Manufacturers to make a 
$1,000 award for the best paper published on animal nutrition, and author¬ 
ized the President to appoint a committee to draw up rules lor handling this 
award. 

Authorized the Secretary to issue membership receipts only to those 
members who request them. 

Approved the action taken by the Executive Board during the past year: 

1. Approval of issuing the News Letter. 

2. Increasing the budget of the Secretary’s clerical work. 

3. Making life members of: 

H. A. Harding H. E. Ross 

S. I. Bechdel C. W. Larson 

Approved the Inter-Association Council Report. 

Proposals to meet in North Carolina and Georgia were discussed but post¬ 
poned for later acceptance. 

Rejected the recommendation to become a member of the American Insti¬ 
tute of Biological Sciences. 



622 


THE FORTY-SECOND ANNUAL MEETING OF 


Approved the Journal Management Report, whieh is as follows: Your 
Journal Management Committee desires to report as follows: Permission has 
been given to Squibb & Company to reproduce in their Abstract Bulletin the 
authors’ summaries of articles in the Journal of Dairy Science. 

At the last meeting of the Association it was recommended that the possi¬ 
bility of making arrangements with the British Abstract Service for use of 
their abstracts in our Journal be surveyed. The possibility has been sur¬ 
veyed and the plan has been found not feasible. In lieu of the inability to 
enlarge the abstract service in the above named manner the Committe en¬ 
dorsed the plans of the Editor to rearrange the procedure of handling 
abstracts and to broaden the coverage of journals. 

The Committee endorsed also a study by the Editor of the possibility 
of arranging the abstracts in two columns on a slightly increased journal 
page to effect a saving in space. 

Requests have been made that the abstracts of the papers presented at 
Regional Meetings of dairy science groups be published in the Journal of 
Dairy Science. - The Committee agreed unanimously that the request should 
not be granted. However, the committee recommended that the programs of 
these meetings be published in the News Letter. 

The prompt publication of manuscripts submitted to the Editor is highly 
desirable. The Committee placed itself on record as favoring issuance of 
numbers varying in size with that of the amount of material accepted for 
publication, the size of issues to be left to the discretion of the Editor. 

The Committee also recommends that negotiations be entered into with 
the International Ice Cream Association and the Milk Industry Foundation 
to release the Editor from the necessity of submitting the abstracts to their 
representatives for approval for publication. 

Approved the Resolutions Committee Report. 

Employed Editor for the year 1948. Employed Secretary-Treasurer for 
the year 1948. 

Elected Honorary Member for present meeting. 

Elected Paul R. Elliker to the Journal Management Committee. 

Recommended the dismissal of the Committee on Quality Milk appointed 
last year. , 

The Nominating Committee consisting of A. C. Ragsdale, Chairman, 
J. A. Nelson, I. W. Rupel, Floyd Johnston, and H. W. Norton, nominated 
the following officers in April: Vice-President, R. B. Becker, of Florida, and 
W. E.-Petersen, of Minnesota; Directors, James H. Hilton, of North Caro¬ 
lina; Harry A. Herman, of Missouri; Paul F. Sharp, of California; G. H. 
Wilster, of Oregon. 

The results of the election were announced on May 31 as follows: W. E. 
Petersen, Vice-President ; James H. Hilton and Paul F. Sharp, Directors. 
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AMERICAN DAIRY SCIENCE ASSOCIATION 
ANNUAL BANQUET 

Guelph, Ontario, Canada, June 26,1947 

President W. R. Reek, of Ontario Agricultural College, was toastmaster 
at the annual Association banquet and presented President Fordyce Ely, 
who installed the officers-elect as follows: Mr. Paul H. Tracy, of Illinois, was 
installed as President, Mr. W. E. Petersen, of Minnesota, as Vice-President, 
Mr. Paul F. Sharp, of California, and Mr. James H. Hilton, of North Caro¬ 
lina (both in absentia), as Directors. 

PRESENTATION OP ASSOCIATION AWARD 

The toastmaster then introduced Mr. A. C. Dahlberg, Chairman of the 
Association’s Honors Committee. Mr. Dahlberg made the following citation: 

Robert Bear Stoltz is a native son of Ohio, educated in the public schools 
of that state, and graduated from Ohio State University. Immediately after 
graduation he began his illustrious career in dairy work at Ohio State Uni¬ 
versity. He was made instructor in dairying in 1912, assistant professor in 
1914, and professor in 1923. In 1929 he was advanced to the chairmanship 
of the newly organized Department of Dairy Technology. 

Few men in dairy education have had such extraordinary influence upon 
the dairy industries of their states. He has served as secretary-treasurer 
of the Ohio Swiss Cheese Association since 1918, during which time the Swiss 
cheese of Ohio became known for its high qualtiy. He has been secretary 
of the Columbus Milk Distributors Association since 1933. Through his 
skillful management, the bottle exchange of this organization became known 
throughout the nation. He was secretary-treasurer of The National Cheese 
Association from 1920 to 1925. In 1937 he studied the dairy industries of 
New Zealand and Australia. Students graduated from the Department of 
Dairy Technology occupy important positions throughout the dairy industry 
of this country. The dairy industry of Ohio recognized his leadership and 
worth to the industry, and recently contributed a special research fund of 
$100,000 to Ohio State University to be administered by him. 

He has attended thirty of the thirty-five annual meetings of the American 
Dairy Science Association since he graduated from college. He has been 
honored by having four of these meetings in Columbus. In 1931 he served 
as Chairman of the Manufacturing Section, in 1932 and 1933 he was Vice- 
President, and in 1934 he was President of the Association. He assumed the 
responsibility of Secretary-Treasurer in 1936, and is still making an enviable 
record in that position. In 1936 the Association had 727 members, a paid 
Journal circulation of 1,344, and assets of $7,939.66. The report for last 
year showed 1,534 members, a paid Journal circulation of 2,399, and assets 
of $30,008.17. This excellent record is a splendid tribute to him. 
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It is with great pleasure that we present to Robert Bear Stoltz this 
certificate of Honorary Life Membership in The American Dairy Science 
Association. 

Signed: A. C. Ragsdale, J. A. Nelson, A. C. Dahlberg 

PRESENTATION OF BORDEN AWARDS 

Mr. W. A. Wentworth, of the Borden Company, was then introduced and 
in turn presented the Borden Recipients during the past 10 years and their 
families. He then read the following statement from a brochure, which was 
given to each guest at the banquet: * ‘ The fact that material progress must 
be soundly based on scientific research is nowhere more evident than in the 
dairy industry. Milk is at once the most essential and the most complex of 
foods, backbone of a sound agriculture and a nutritious diet. 

“Many of the recent advances in dairy science were pioneered by the 
men whose works are recorded in these pages. We believe that their accom¬ 
plishments will serve as an inspiration and a challenge to others, and that 
the future will mirror as distinctly as the past the contributions to better 
living made by the members of the American Dairy Science Association.” 

Borden Award in Dairy Production 

Mr. J. B. Pitch, Chairman of the Borden Award Committee for Produc¬ 
tion, was then introduced and made the following statement: 

The Borden Award in Dairy Production for 1947 has been awarded to 
Joseph Clement Shaw, of the University of Maryland, College Park, Mary¬ 
land. Dr. Shaw received his B.S. degree at Iowa State College in 1930, his 
M.S. degree from Montana State College in 1933, and his Ph.D. degree from 
the University of Minnesota in 1938. 

Dr. Shaw has held the following positions since his graduation from Iowa 
State College: District Club Agent, South Dakota, 1930-32; Research Assist¬ 
ant, University of Minnesota, 1933-38; Associate Physiologist, University 
of Minnesota, 1938-40; Associate Professor Dairy Industry, University of 
Connecticut, 1940-45; and Professor of Dairy Husbandry, University of 
Maryland, since 1945. Dr. Shaw is in charge of the Dairy Production 
Research at the University of Maryland. 

Dr. Shaw’s interest and activities have been directed to dairy cattle 
physiology as it involves physiology of milk secretion, to herd health from 
the standpoint of ketosis (acetonemia), and also to various aspects of dairy 
cattle nutrition. His most outstanding contribution to the field of dairy 
production has been his basic scientific studies on ketosis in dairy cattle and 
he is recognized as the outstanding authority in this field of work. Through 
original and fund am ental research he established relationships between 
chemical changes in the blood and the occurrence of this physiological dis¬ 
turbance. He was the first to study the effect of various feeding and man- 
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agement practices on the production of ketosis. In addition to his valuable 
contributions to our knowledge of ketosis, he has added materially to our 
fundamental information on milk secretion. 

Dr. Shaw has published 26 papers in the field of physiology. Seventeen 
of this number are in his own name or as senior author. He has published 
16 abstracts; eleven are in his own name oy as senior author. 

On behalf of the Committee on the Borden Award for Dairy Production, 
it is a pleasure to present Dr. Shaw to receive the Award. 

Mr. Wentworth then presented to Dr. Shaw a gold medal and $1,000. 

Borden Award in Dairy Manufacturing 

Mr. K. G. Weckel, Chairman of the Borden Award Committee for Manu¬ 
facturing, was then introduced and made the following statement: 

The recipient of the 1947 Borden Award in Dairy Manufacturing unani¬ 
mously chosen by the Borden Award Committee from among a number of 
very impressive candidates is one having the benefit of broad national geo¬ 
graphic experience. He was born in Cheney, Washington, and received his 
Bachelor’s, Master’s, and Doctor’s degrees from the University of Minne¬ 
sota in 1920, 1921, and 1937, respectively. His academic training was 
delayed by military service in the Army Air Force from 1917 to 1919, during 
which he served with the American Expeditionary Force. He has served as 
instructor and Assistant Professor at the University of Minnesota, and as 
Associate, and subsequently Professor, at Pennsylvania State College, where 
he is head of Dairy Manufactures in the Department of Dairy Husbandry. 
Dr. Chester Distad Dahle has been successful in, and highly regarded for, 
his activities in at least three very difficult fields in dairy technology: as an 
educator, in development research, and in industry service. It is estimated 
he has supervised the training of approximately a thousand 4-year students 
in dairy technology, 30 graduate students, and over 2,000 joint industry- 
college short course students. 

In the realm of dairy research, he has studied and published material on 
a wide range of manufacturing problems. Dr. Dahle has been a pioneer in 
the study of the behavior of ice cream mixes upon aging; of the manufac¬ 
ture of concentrated ice cream mix; of the high-short pasteurization of ice 
cream mix; of the “bound-water” of dairy products; of the electro-kinetic 
velocity of fat globules, aud its relation to certain dairy phenomena; of the 
development of oxidized flavor in fruit ice creams due to metallic effects; and 
of the nature and effects of removal of fat globule membrane on properties 
such as the churning, freezing, and thawing characteristics of cream and the 
whipping ability of ice cream mixes.. He has contributed much from his 
studies on the properties and effects of -the several forms of ingredients in 
ice cream, the homogenization of ice cream mix concerning which he devel¬ 
oped a now widely-used homogenizer valve, the production of Cheddar and 
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of grating type hard cheese, the production and characteristics of plastic 
frozen cream, and the properties and uses of dry skim and whole milk. It 
should not be overlooked that the State of Pennsylvania, from which he hails, 
is the Nation’s largest producer of ice cream. 

In addition to his research, Dr. Dahle has been active in the affairs of 
the Association as a Chairman of the Manufacturing Section, and currently 
as an Abstract Editor for the Journal of Dairy Science. As Chairman of 
the Statistical Research Committee of the International Association of Ice 
Cream Manufacturers, as a regular contributor to the industries trade publi¬ 
cations, and as a conductor of successful industry short course conferences, 
he has ably translated science to the useful benefit of the manufacturing 
industry. 

I have the pleasure to present, on behalf of the American Dairy Science 
Association, Dr. Chester Dahle. to receive the Borden Award in Dairy 
Manufacturing. 

Mr. "Wentworth then presented to Dr. Dahle a gold medal and $1,000. 
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THE RELATION OP SEASON OP FRESHENING 
TO MILK PRODUCTION 

GEORGE E. FRICK, A. I. MANX, and STEWART JOHNSON 
• University of Connecticut , Storrs 

In an effort to determine the relation of season of freshening to milk 
production, a study was made of 22,212 Dairy Herd Improvement Associa¬ 
tion lactation records. These records were obtained in Connecticut during 
the years 1924 through 1945, although the majority of them were obtained 
in the later years of this period. 

EXPERIMENTAL 

The amount of milk produced by cows freshening in each month had been 
computed by the University Dairy Department for the 305 days following 
the date of freshening. In many instances the cows were dry before this 
period of time had elapsed and in such cases the production covered a shorter 
milking period. Data for each breed were tabulated separately. The breed 
distribution was 9,325 Guernseys, 8,260 IIolsteins, 2,344 Avrshires, and 2,283 
Jerseys. The lactation records were sorted not only by breed but also by 
the age of the cows at time of freshening. Two-year-olds accounted for 22 
per cent of the total number of records, 3-vear-olds for 21 per cent, and 
4-ycar-olds for 16 per cent. Milk yields were used as reported and were not 
adjusted to a common butterfat test. 1 

Received for publication April 18, 1947. 

1 As milk is priced*in Connecticut and in many fluid milk markets of the East, the 
amount of milk produced is much more important than the amount of butterfat. For this 
reason the lactation records were not adjusted to give yields of 4 per cent fat-corrected 
milk. In April, 1947, for example, the price paid Connecticut wholesale producers for 3.7 
per cent milk averaged $5.53 per cwt., and the butterfat differential was six cents per 
point. An increase in butterfat test from 3.7 to 4.0 per cent would bring a price premium 
of only 18 cents per cwt. A corresponding increase in the volume of milk (8.1 per cent) 
would bring a price premium of 45 cents per cwt.; an increase in the volume of milk 
equivalent to the increased energy content of 4.0 per cent milk as contrasted to 3.7 per 
cent milk (about 5.3 per cent for Holstein cows) would bring a price premium of 29 cents 
per cwt. Moreover, if the records had been converted to a common butterfat base, the 
conclusions of the study would not have been modified significantly. For example, yields 
for Holstein cows in the most favorable month would have exceeded those in the least 
favorable month by 13.9 per cent, rather than by 14.9 per cent as noted in the analysis 
of records of actual volumes. 

631 

Copyright. 1947. by the American I) wry Science Association 











SEASON OF FRESHENING AND MILK PRODUCTION 


633 


RESULTS 

Month of calving and milk yields , by breeds. As shown in table 1, of the 
nine age "roups of Guernseys with more than 100 eases, January Ivas the 
most favorable month in four instances, December in three, and February 
in two. July was the least favorable in seven of these groups, June in one, 
and June and July yields were equal in one. The term “favorable” as 
used here is based on the volume of milk produced by cows freshening in 
each month. It is not based on the value of these yields, which would be 
influenced by the seasonal pattern of milk prices, or on the yields relative to 
costs of production. 

For all Guernsey cows, yields were highest for those freshening in Feb¬ 
ruary and lowest for those freshening in July. Average production for 
cows calving in February was 7,610 lb. and for cows calving in July was 


TABLE 2 

Relative importance nf various months of calving for Gucrnst g tunes 
in different age groups 


Age at date 


Percentage of total cows freshening during year that calved in: 


ing, in years 

.Ian. 

Feb. 

| Mar. 

Apr. 

Mav 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

1 &2 

9 

7 

C 

7 

5 

6 

7 

10 

11 

11 

11 

10 

3 

9 

7 

8 

7 

7 

6 

8 

9 

10 

11 

9 

8 

4 

9 

8 

9 

8 

6 

8 

9 

7 

9 

9 

10 

9 

5 

9 

8 

10 

9 

8 i 

| 7 

8 

7 

8 

11 

8 

8 

0 

8 ' 

8 

! B0 

8 i 

| « 

t 

9 

8 

.7 

10 

7 

9 

7 

9 i 

9 

9 

8 ! 

8 

. 9 

10 

7 

6 

9 

8 

8 

8 & over 

1° j 

9 

10 

» J 

; 6 ; 

i 9 

8 

7 

8 

8 1 

. 7 

8 

All ages 

1 9 j 

8 

8 

8 

1 7 i 

| 7 

8 

8 

9 

10 , 

j 9 

9 


6,670 lb. The difference in favor of cows freshening in February was 940 
lb. From February until July; average yields decreased for cows freshen¬ 
ing in each succeeding month, and from July until February average yields 
increased from each month to the next. 

The average yield for all cows freshening in a given month was calculated 
by weighting the yield for each age group by the total number of cows in 
that age group regardless of month of freshening. This method was chosen 
because of the joint relationship of age with season of freshening. A larger- 
than-usual number of 1- and 2-year-old Guernseys freshened in the fall 
months but this tendency gradually disappeared as the cow T s became older 
(table 2). A simple average, with total production for all cow r s freshening 
in a given month being divided by the number of cows, would be influenced 
by the proportion of cows which were of a young age. If the weighting 
factor in each age group is the total number of observations for the year, 
possible errors due to the joint relationship of season of freshening with age 
are avoided. If weighted averages according to the method described had 
not been used, February through July yields would have erred on the high 
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* These averages were obtained by weighting the yield for each age group by the total number of cows in that age group regardless 
of month of freshening. 

t These averages were obtained by dividing the 12-month total of the average monthly yields by 12. 
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side, and August through January yields would have erred on the low side; 
the extent of error would have been as large as 80 lb. in August and Sep¬ 
tember and 110 lb. in March. 

Average yields of Holsteins were highest for cows freshening in February 
and lowest for cows freshening in August (table 3). The most favorable 
month was the same as for Guernseys, but the least favorable was a month 
later in the summer. Milk yields were 14.0 per cent greater for cows 
freshening in the most favorable month than in the least favorable month, 
slightly greater than the corresponding difference of 14.1 per cent noted with 
Guernsey cows. 

Thirty-three per cent of the 1- and 2-year-olds freshened in the Septem- 
ber-Novembcr quarter, but this fall-freshening tendency gradually disap¬ 
peared as age increased, with only 21 per cent of the cows 8 years old and 
over freshening in this quarter (table 4). This corresponds closely with the 
association of age with season of freshening as found with Guernsey cows. 


TABLE 4 

Relative importance of various months of calving for Jlolstdn cows 
tn different age. groups 


Age at date 


Percentage of total cows freshening during voar that calved in: 


of freshen- 

- 

— - 


— 


— 

~ 

- - 

- 



— 

iug, in years 

Jan. 

Feb. 

Mar. 

A pr. 

May 

June 

July 

Aug. 

Ropt. 

Oct. 

Nov. 

Pec. 

1&2 

9 

8 

6 

5 

4 

6 

9 

10 

12 

11 

10 

10 

3 

10 ! 

8 

8 

6 

6 

5 

8 

11 

11 

10 

10 

8 

4 

. 8 

| 8 

10 

7 

6 

7 1 

8 1 

10 

10 

8 

10 

9 

5 I 

i 10 j 

9 

8 

7 

7 

7 

9 

8 

7 

9 i 

9 

10 

6 

10 

9 

9 

7 

6 

7 

10 

9 

9 

8 

8 

9 

7 

8 

9 

11 

10 

5 

7 

9 

9 

5 

8 

8 

11 

8 & over 

7 

8 

10 

30 | 

9 

9 | 

10 

8 

6 

8 

7 

7 

AH ages 1 

9 

8 

8 

7 

6 | 

7 j 

9 

10 

9 

9 

9 

9 


Milk yields were highest for Ayrshire cows freshening in January and 
lowest for those freshening in July (table 5). Yields in the most favorable 
month exceeded those in the least favorable by 16.2 per cent. 

As with the Ayrshires, milk yields were highest for Jersey cows freshen¬ 
ing in January and lowest for those freshening in July (table 5). The dif¬ 
ference in yields between the most favorable and least favorable months was 
greater than for any of the other three breeds; cows freshening in January 
produced 19.2 per cent more than those freshening in July. 

Tests of significance of averages . Although there was considerable dis¬ 
persion about the average milk yield for cows freshening in each month, 
enough observations were made so that the differences noted were highly 
significant. Standard errors of the difference between means were used in 
judging reliability. Comparing the average yield for Guernseys freshening 
in February with that for Guernseys freshening in July, the actual differ¬ 
ence was about ten times the standard error of the difference between the 
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means. This was very highly significant. Between two consecutive months 
differences were sometimes small and were not always significant. In gen¬ 
eral, however, average yields consistently increased from the least favorable 
to the most favorable month, and consistently decreased from the most 
favorable to the least favorable month. 

Month of calving and milk yield—all breeds combined. The general 
patterns of the association of month of calving with milk yields were similar 
for each of the four breeds. Similarly, the general patterns were similar 
for each of the most important age groups, although the differences in yields 
between the most favorable and least favorable month of calving became 
relatively greater as age increased. These differences were sufficiently small, 


TABLE 5 

Average milk yields, by breeds and for all breeds combined, for 22,2 7 2 cows 
freshening in different months 


Month of 
freshening 

Average milk yields* 

No. of 
cases 

Guernseys 

Holsteins 

Ayrshires 

Jerseys 

A11 breeds 
combined 


(lh. milk per cow, 305-day lactation period) 


•Jan. 

7540 

9720 

8520 

7460 

8450 

1946 

Feb. 

7610 

10120 

8240 

7230 

8570 

1766 

March 

7500 

9790 

8170 

7250 

8400 

1874 

April 

7360 

9770 

7880 

6890 

8260 

3630 

May 

7230 

9390 

7750 

6420 

8000 

' 1492 

June 

6800 

9200 

7790 

6570 

7770 

j 3572 

July 

6670 

8930 

7330 

6260 

7540 

1876 

Aug. 

6950 

8810 

7620 

6340 

7650 

i 2002 

Sept. 

6950 

9220 

7890 

6630 

7860 

2046 

Oct. 

7380 

9540 

8070 

6900 

8210 

2114 

Nov. 

7520 

9650 

8260 

7010 

8340 

1990 

Dec. 

7550 

9700 

8280 

6940 

8360 

1904 

Av. 

7260 

9490 

7980 

6820 

8120 | 

22212 


* Yields for each breed were calculated as described in tables 1 and 3. Yields for all 
breeds combined were calculated by weighting yields for each breed by the total number 
of observations, t.e., 9,325 Guernseys, 8,260 Holsteins, 2,344 Ayrshires, and 2,283 Jerseys. 


however, so that a single measure of the relationship of month of calving to 
milk yields was considered to be of value. ' * 

Average yields were highest for cows calving in February and lowest for 
cows calving in July (table 5). The difference in yields was 1,030 lb. <Jows 
freshening in February produced 13.7 per cent more milk than those fresh¬ 
ening in July. Yields increased from one month to the next from July to 
February, and decreased from one month to the next from February to 
July. 2 

* In applying the relationships found in this analysis to individual farms, it must be 
kept in mind that they are for the average cow in dairy herd improvement associations in 
Connecticut. Feeding rates, pasture conditions, milk-producing capacity of cows, etc., 
might vary from the D.H.I.A. situation on any particular farm, and thus affect the rela¬ 
tionship of month of calving to milk yields. 
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DISCUSSION 

Woodward (2) studied the influence of the month of calving on milk 
production of 15,442 cows in dairy herd improvement associations in 12 
states. The lactation records covered a 365-day period, rather than the 
305-day period for the records used in the Connecticut analysis. Milk yields 
were corrected to a 4-per cent milk-equivalent basis. This was not done 
in the Connecticut study, since the price differential for butterfat places 
primary importance on milk yield rather than butterfat test. 

A comparison of the association of month of calving with milk yields as 
found in the two studies is shown in figure 1. Milk yields for cows calving 



FiO. 1. Milk yields for cows calving in different months, 22,212 Connecticut lacta¬ 
tion records compared with 15,442 12-state records analyzed by Woodward. 


in the most favorable month in Woodward’s study were only 2.5 per cent 
higher than for cows calving in the least favorable month. In the Connecti¬ 
cut analysis, milk yields in the most favorable month exceeded those in the 
least favorable month by 13.7 per cent. The range between yields in the 
low and high months was more than four times greater with Connecticut 
records than with the 12-state records used by Woodward. In absolute 
terms, milk yields in the most favorable month exceeded those in the least 
favorable month by 222 lb. in Woodward’s study and by 1,030 lb. in the 
Connecticut study. The relatively small influence of month of calving on 
milk yields found by Woodward may have been due to his combining all 
records—all breeds, all ages, all states—before calculating average yields. 
If climatic differences should cause the association of month of calving with 
milk yields to vary among the different states, a combination of records from 
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several states would tend to minimize fluctuations in yields. Greater varia¬ 
bility might have been noted in Woodward’s analysis if the effect of the joint 
relationship of age with season of freshening had been eliminated. 

Although in both studies the month of July was found to be the least 
favorable month of calving, the most favorable month in the Connecticut 
study came in February rather than in November, as in Woodward’s study. 
The reasons for this difference are not apparent. 

In a recent New Hampshire study, Morrow et al. (1) reported average 
milk yields by breeds for 4,030 cows calving in different months. Produc- 



Fig. 2. Milk yields for Holstein cows calving in different months, 1,946 New Hamp¬ 
shire lactation records compared with 8,260 Connecticut records. 

tion was calculated on the basis of a 305-day lactation period, and corrected 
to a 4-per cent milk-equivalent, mature-equivalent volume. 

As shown in figure 2, the most favorable month of freshening for Hol¬ 
stein cows, according to the New Hampshire analysis, was December, and 
the least favorable was June. Average milk yields for cows freshening in 
December exceeded those freshening in June by 19.2 per cent. This varia¬ 
tion was greater than that found in Connecticut, where the corresponding 
difference was 14.9 per cent. The most favorable month in Connecticut was 
February, and the least favorable month was August. 

As shown in figure 3, Guernsey cows calving in January gave the most 
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Fig. 3. Milk yields for Guernsey cows calving in different months, 747 New Hamp¬ 
shire lactation records compared with 9,325 Connecticut records. 


TABLE 0 

K rial ion of monlh of calving to milk yield , 7 f.H.I.A. herds in 
New York State, 1930-1945* 


Lb. milk produced per cow 


of 

fresh¬ 

ening 

1936 

1937 

1938 

1939 

1940 

1941 

1942 

1943 

1944 

1945 

10-yr. 

aver- 












age 

Jan. 

8519 

8247 

8423 

8410 

8636 

8830 

9302 

9482 ! 

9436 

9598 

8888 

Feb. 

7897 

8047 

8150 

8032 

8248 

8606 

8939 

9245 1 

9045 

8895 

8510 

M a reh 

7752 

7862 

8078 

7980 

8265 

8239 

9141 

9138 

8736 

8888 

8408 

A nril 

7676 

7786 

7614 

7781 

8027 

8108 

8467 

8603 

8743 

8661 

8147 

May 

' 7721 

7542 

7666 

7463 

7847 

8122 

8473 

8690 

8430 

8679 

8063 

J uno 

1 7852 . 

. 7952 

7427 

7465 

7877 

7712 

8442 

8500 

8654 

7999 

7988 

July 

8085 

7475 

7838 

7389 

7950 

8028 

8334 

8681 

8292 

8506 

8058 

Aug. 

, 8542 

8617 

8059 

7910 

8047 

8490 

8695 

8891 

8614 

8810 

8468 

Sept. 

8590 l 

I 8217 

8341 

8418 

8434 

8889 

9177 

9103 

9262 

9223 

8765 

Oct. 

8687 1 

8901 

i 8833 

8502 

8429 

8972 

9391 

9684 

9380 

9532 

9031 

Nov. 

8676 | 

1 8797 

| 8958 

8492 

8768 

9247 

9383 

9926 

9471 

9552 

9127 

Dee. 

8116 ! 

8573 

8432 

8344 

8680 

9045 

9309 

9538 

9199 

9475 

| 8871 


* Annual data obtained from J. F. Kendrick, Bureau of Dairy Industry, Washington, 
D. 0., and from W. T. Crandall, Department of Animal Husbandry, Cornell University, 
Ithaca, New York. The 1936-1945 averages were computed by the authors of this report. 
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milk, according to the New Hampshire analysis, and those in July gave the 
least. The low month was the same as in the Connecticut analysis, but the 
high month was 1 month earlier. Production in the most favorable month 
exceeded that in the least favorable month by 23.1 per cent in New Hamp¬ 
shire and 14.1 per cent in Connecticut. 

A summary based on records of Dairy Herd Improvement Associations in 
New York State indicated that cows freshening in November gave the most 
milk and cows freshening in June gave the least milk (table 6). The least 
favorable month came 1 month earlier than in Connecticut, and the most 
favorable month 3 months earlier. The difference in yield between the 
most favorable and the least favorable month was about the same as in 
Connecticut. 

summary 

Milk yields for 22,212 Connecticut cows averaged highest for cows fresh¬ 
ening in February and lowest for cows freshening in July. The most fav¬ 
orable month of calving came later in the fall-winter season than had been 
found in studies in other areas. 

Production for cows calving in the most favorable month of freshening 
exceeded that in the least favorable month by 13.7 per cent. This was much 
greater than found by Woodward in a 12-state analysis but less than was 
found in recent studies in New Hampshire, and about the same as found in 
New York. 

The association of milk yield with month of calving was similar for each 
of the four breeds—Guernsey, Holstein, Ayrshire, and Jersey. The asso¬ 
ciation also was similar for each of the most important age groups, although 
the difference in yields between the most favorable and least favorable month 
of calving became relatively greater as age increased. 

In determining differences in yields associated with month of calving, 
statistical procedures taking into account the joint relationship of age with 
season of freshening were necessary. As the cows in Connecticut herds 
increased in age, a smaller proportion freshened in the fall months of the 
year. 

BEFEBENCES 

(1) Morrow, K. S., Keener, H. A., and Hall, C. N. Analysis of Certain Factors In¬ 

volved in Dairy Herd Management in New Hampshire. N. H. Agr. Expt. Sta. 

Tech. Bui. 86. 1945. 

(2) Woodward, T. E. Some Studies of Lactation Becords. Jour. Dairy Sci., 28: 

209-218. 1945. 



CHOLINE STUDIES WITH YOUNG DAIRY CALVES. II. EFFECT 
OF MILK AND OTHER SUPPLEMENTS ON BLOOD 
CHOLINE LEVELS’ 

It. K. WAUGH ,* S. M. HAUGE, and W. A. KING 

Departments of Agricultural Chemistry and. Dairy Husbandry, Purdue University 
Agricultural Experiment Station, Lafayette, Indiana 

Iii a previous publication (11) the authors presented evidence which indi¬ 
cates that the choline content of colostrum is reflected in the choline content 
of the blood of the young calf. The following study is a report of a continu¬ 
ation of this work. The experiments were designed to show trends of choline 
levels of blood with increasing age, and to determine effects of milk and other 
supplements in the diet upon the blood choline levels of young calves. 

EXPERIMENTAL 

In these experiments the method of analysis for choline in blood was the 
same as that used previously (11). 

Effect of removal of milk from the diet. Trial I included seven calves. 
These calves were kept in individual pens and allowed the amount of grain 
mixture they would clean up twice daily. The ingredients of this mixture 
are shown in table 1. Alfalfa hay was fed ad libitum after the first 2 weeks 
of age. Two calves received milk throughout the trial. For the other five 
calves the removal of milk was started at 4 weeks of age and was completed 
by the fifth week 

Figure 1 shows the results of this trial. Blood choline values definitely 
were depressed by the removal of milk from the calves’ diets. This decrease 
wa§ obvious even by the end of the fifth week, when the removal of milk was 
complete. 

Trial II was conducted to obtain more evidence of the blood choline 
decline incident with removal of milk and was designed similar to trial I. 
However, a different grain mixture was used, as shown in table 1. This mix¬ 
ture contained about 1 mg. of choline per gram. Vitamins A and D were 
fed by capsule to insure a daily intake of 10,000 I.U. of vitamin A and 400 
units of vitamin D for the first week, after which the amounts were decreased 
50 per cent. All the dams of these calves had been on pasture just prior to 
calving, and the milk given these calves was from Holstein cows receiving 
some pasture. The Holstein calves received 10 lb. of milk daily and the 
Jersey and Guernsey calves, 8 lb. Four calves were used as controls and 
received milk throughout the trial. Milk was removed from the diets of 

Received for publication April 26,1947. 

iJ ournal Paper no. 301 of the Purdue University Agricultural Experiment 8tation. 

* Now at North Carolina State College of Agriculture, Baleigh. 
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TABLE 1 


Composition of grain mixtures 



Trial I 

Trial II 


(lb.) 

(ib.) 

Ground yellow corn 

32 

25 

Boiled oats 

25 

28 

Wheat bran . 

15 

Iff 

Linseed oil meal 

10 

10 

Soybean oU 


20 

Commercial casein 

10 


Alfalfa leaf meal . 

5 


Iodized salt . 

1 

1 

Steamed bone meal . 


1 

Mineral mixture* 

1 


Cod liver oil . 

1 



•Bone meal, 50%; limestone, 46.7%; ferric citrate, 3%; copper sulphate, 0.1%; 
manganese, 0.1%; and cobalt chloride, 0.1%. 


11 calves at the fifth week of age. The results of this trial are shown in 
figure 2. The differences in blood choline levels of the two groups were not 
as great as were observed in trial I but were found to be statistically signifi¬ 
cant. If trial II had been terminated at 7 weeks, the results of the two trials 
would have been very similar. The calves were not as thrifty as those in 
trial I. The incidence of scours was greater and appeared to cause a definite 
lowering of blood choline. Calves which became unthrifty at one time or 
another, as evidenced by low weight gains or loss in weight, usually had low 
or fluctuating blood choline values. The comparison of the two groups, 



Fig. 1. The effect of milk consumption on the choline content of the blood of calves 
in trial I. 
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Fig. 2. The effect of milk consumption on the choline content of the blood of calves 
in triiil II. 

shown in figure 2, indicates that removal of milk from the calves’ diets caused 
a lowering of blood choline. 

Effect of feeding choline and methionine on Mood choline. The removal 
of milk from the diet caused lower blood choline levels. Whether this depres¬ 
sion of blood choline was due either to insufficient choline or to insufficient 
labile methyl groups (7, 8, 9, 10) was tested by feeding choline and methio¬ 
nine. Four calves which had not received milk after 5 weeks of age were 
used in this trial. For a period of 2 weeks, beginning at the eighth week of 
age, each calf was given by capsule a daily dosage of 12 g. of choline chloride, 
followed for 2 weeks by a daily dosage of 4 g. of choline chloride and 6 g. of 
dl-methionine. 

The data of table. 2 indicate that these supplements had no effect upon the 


TABLE 2 

Effect of feeding choline and methionine on blood choline levels 
( mg . choline chloride per ml. whole blood) 



Age in 
weeks 

JP317* 

B587t 

PI 24* 

B588t 

Av. 

Initial 

8 

0.23 

0.26 

0.24 

0.22 

0.24 

12 g. choline chloride daily 

9 



0.19 

0.23 



10 

0.24 

0.16 

0.25 

0.21 

0.22 

4 g. choline chloride and 

11 



0.24 1 

0.15 

0.22 

6 g. methionine daily 

12 

0.26 

0.22 

0.22 j 

0.19 

0.22 


•Jersey, 
t Holstein. 









644 


R. K. WAUGH, ET AL. 


level of blood choline. The weekly variations of blood choline values were 
not statistically significant. An insufficient quantity of choline or of labile 
methyl groups does not appear to be responsible for lowered blood values 
which occurred after the removal of milk from the diet. 

Effect on blood choline of returning milk to the diet . A test was made to 
determine the effectiveness of the addition of milk to diets with and without 
choline supplements in raising blood choline values. Milk was restored to 
the diets of the same four calves which had received the choline and methio¬ 
nine supplements. The milk was increased gradually over a period of 4 days, 
after which the Jersey calves received 8 lb. of milk a day and the Holsteins, 
10 lb. In addition to the milk, two of these calves were given 8 g. of choline 
chloride daily. As controls, four other calves of the same age received no 
milk. This trial began when the calves were 13 weeks of age and continued 
for 4 weeks. The results are given in table 3. The data on these small num- 


TABLE 3 

Effect of restoring milk to the diet on the choline content of blood 
{mg. choline chloride per ml. whole blood) 



* Jersey, 
t Holstein. 
} Guernsey. 


bers should not be considered conclusive but it appears that the milk (and 
milk and choline) caused an elevation of blood choline when introduced into 
the diet of these calves which had received no milk for 7 weeks. The supple¬ 
mentation of the milk with choline chloride appeared to be without effect. 

Attempts to increase the blood choline by injections of choline chloride. 
Since oral administration of choline chloride did not appear to increase the 
choline content of the blood, possibly either the choline was not absorbed or 
its accumulation in the blood stream was prevented by rapid removal. In the 
previous experiments, the blood samples were taken approximately 24 hours 
after giving the choline. Therefore, even if the intestinal absorption of the 
choline were rapid and the subsequent removal from the blood were rather 
slow, any initial rise in the choline content of the blood following feeding 
the choline chloride might not have been detected. However, with the intro¬ 
duction of choline chloride directly into the blood stream, it was thought that 
an elevation of the choline level should be detected unless the removal from 
the blood is extremely rapid. 
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Choline chloride solutions were injected into one jugular vein, and blood 
samples were taken from the opposite jugular for choline analysis. The 
injected solution contained 1 g. of choline chloride per 4 ml. of water, and 
injections were made at the rate of about 1 g. of choline chloride per minute. 
The injection of 1 g. of choline chloride into an 80-lb. calf should be sufficient 
to approximately double the choline content of the blood. 

The blood choline values obtained just before and at intervals following 
the injections are shown in table 4. The first injection was made into calf 
no. 79B. a Holstein heifer. This calf lacked thrift and had made slow f weight 
gains, but an autopsy at a later date showed no pathological symptoms. This 
calf became prostrate within 60 seconds after the injection and showed diffi¬ 
culty of breathing, considerable salivation, some belching of gas, and defeea- 


TARLE 4 

Effect of injecting cholint chloride on blood choline levels 
(mg. choline chloride per ml. whole blood) 


Ci\\f 

SOB* 

7911* 

1 

79B 

B5911 

1J591 

B591 

Date (1946) 

Nov. 11 

Nov. 4 

Nov. 11 

Nov. 19 

Nov. 11 

Dec. 2 

Dec. 17 

<i. choline injected 

0 

i 

1 

o 

1 

1 

o 

Calf weights (lb.) . 

165 

80 

82 

84 

80 

97 

107 

Before 

0.24 

0.23 

0.14 

0.16 

0.22 

0.24 

0.14 

3 min.t 

0.25 


0.24 

0.50 

0.25 

0.22 

0.30 

6 “ 


0.28 

0.23 


0.21 

0.16 

0.16 

10 •• 

0.24 



0.32 



Dead 

15 “ 

0.20 

U.18 

0.13 

Dead 

0.20 

0.18 


:?o * • ! 

0.21 


0.17 


0.21 

0.17 


an “ . | 

l 0.23 

0.20 

0.18 


i 0.17 

0.15 


iMo “ 

i 0.25 , 

0.20 

i 

i 

i 0.22 

0.20 



* Holstein, 
t (iuvrusey. 

t Minutes following beginning of injection. 


tion and urination within the first minutes. When the calf was helped to 
its feet after 5 minutes, it was very unstable, with considerable quivering of 
the muscles. The calf appeared normal 15 minutes after injection. These 
reactions were typical of all injections except that they did not always cause 
complete collapse. 

The increases following 1 g.-injections were not consistent. The 2 g.-in- 
jeetions produced a definite increase in the choline of the blood although this 
amount proved fatal. It appears that the injected choline was removed 
quickly from the blood stream. To check the possibility that handling and 
repeated bleeding might influence the choline levels, calf no. 80B was bled 
at intervals without injection. These effects were insignificant. 

DISCUSSION 

It might appear that there is a simple correlation between the choline 
intake with milk and the choline level of the blood. As shown in previous 
work (11), the choline content of the blood increased considerably when the 
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calves received colostrum, which is high in choline. This response might be 
analogous to the response of vitamin A in the calves’ blood due to the high 
vitamin A content of colostrum. In this study the choline content of blood 
remained high until the withdrawal of milk, when it decreased. The choline 
content also appeared to be elevated by returning milk to the diet. 

That these responses are not directly related to the choline of the diet is 
indicated by two observations. In the first place, when the milk was removed 
from the diets, the calves consumed about 1 lb. more grain per day. The 
choline content of this additional grain (0.45 g.) largely compensated for the 
loss of choline due to the removal of milk (0.63 g.). In the second place, 
administration of additional choline and methionine with the grain ration 
failed to increase blood choline levels. Consequently, the drop in blood 
choline hardly can be attributed to the lack of choline or transferable methyl 
groups, since the dietary intake of choline cannot be correlated with the 
blood choline levels. 

Since there does not appear to be a simple quantitative relation between 
choline intake and blood levels, it might appear that the choline of the grain 
mixture was less available than that in the milk. Some work with poultry 
(5) indicates that the choline of some grain mixtures is not utilized as well 
as in others. The supplementation of the grain mixture with compara¬ 
tively large amounts of choline chloride would be expected to cause increases 
in blood choline, even though utilization of the added choline was very 
inefficient. 

Inasmuch as milk favored higher choline levels than grain, possibly milk 
contains choline precursors. Studies with chickens indicate that poultry are 
capable of some choline synthesis and that some feeds contain choline pre¬ 
cursors (4, 6). However, the supplementation of the grain with choline 
chloride and methionine should have compensated for any precursors of 
choline of the milk diet. 

Inasmuch as choline is present as lecithin in both grains and milk, this 
would not explain the differences. However, Artom and Cornatzer (1) 
recently observed that in rats more synthesis of phospholipids occurred in 
the intestinal walls when fat and choline were ingested than when choline or 
fat alone was ingested. Fishman and Artom (3) also have shown* that liver 
lecithin is greater when rats are fed high fat diets than when fed low fat 
diets, if adequate choline is present. The calves, while receiving milk, did 
have considerably more fat in their diets than when milk was removed. It 
may be that the greater amount of fat necessitated more phospholipid forma¬ 
tion for efficient utilization of the fat, and the higher amounts of choline 
occurred in the blood because of the type of nutrient being transported. On 
the basis of these observations (1, 3), it seems plausible that the differences 
in fat content of the two diets might be related to diff er ences * found in blood 
choline levels. 
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In consideration of the evidence previously presented, it appears that 
some component of milk other than choline or methionine may influence 
blood choline levels of young calves. 

Choline chloride is toxic 'when injected intravenously. This is in con¬ 
siderable contrast to the apparently low toxicity when fed orally. No dele¬ 
terious effects were noted when as much as 12 g. of choline chloride per day 
was given orally, but it may be that prolonged feeding of these rather large 
amounts would produce undesirable results. The injected choline chloride 
was removed from the blood stream very rapidly. The lethal amount of 
choline chloride for 80- to 100-lb. calves when injected at a rate of about 1 g. 
per minute appeared to be between 1 and 2 g. 

SUMMARY 

1. Removal of milk from the diets of calves at 5 weeks of age resulted 
in a drop in blood choline values. 

2. Feeding choline chloride or choline chloride and methionine did not 
increase blood choline levels. 

3. While not conclusive, some data are presented that indicate returning 
milk to the diet of calves caused elevation of blood choline. 

4. Evidence is presented which indicates that a component of milk other 
than choline or methionine may influence blood choline levels. 

5. Intravenous injections of choline chloride produced only a temporary 
rise of the choline content of the blood. It was rapidly removed from the 
blood stream. Injections of 2 g. proved to be fatal. 
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THE PHARMACODYNAMICS OF ASCORBIC ACID IN CATTLE. I. 
ABSORPTION AND ELIMINATION 1 * 2 

R. E. EBB, a F. N. ANDREWS, and R. E. NICHOLS 
Purdue University Agricultural Experiment Station, Lafayette , Indiana 

It has been believed generally that cattle synthesize sufficient quantities 
of ascorbic acid to meet their requirements. Several investigators (20, 30, 
33, 34) fed dairy cattle for extended periods on diets low in ascorbic acid 
without observing significant decreases in blood plasma ascorbic acid or 
decreased excretion of the vitamin in milk or urine. Others (9. 21, 22, 32) 
have reported that oral administration of crystalline ascorbic acid in large 
quantities did not increase the ascorbic acid content of the milk. Whitnah 
and Riddell (35) and Riddell et ah (22) fed 65 kg. v of green rye to dairy 
cows which were otherwise kept under barn feeding conditions. They ob¬ 
served several-fold increase in the urinary excretion of ascorbic acid and a 
doubling of the blood plasma levels during the first 12 hours. The blood 
plasma and urinary ascorbic acid returned to pre-feeding levels* within 24 
hours. No significant changes occurred in the milk ascorbic acid as a result 
of feeding green rye. 

Rasmussen et al. (19) and Knight et ah (9) have shown that intravenous 
or subcutaneous administration of crystalline ascorbic acid results in sig¬ 
nificant increases in this compound in cows’ milk. Investigations of rumen 
contents by Whitnah and Riddell (35), Knight et ah (10), and Vavich et al . 
(32), both in viva and in vitro, have shown that ascorbic acid is lost rapidly. 
Crystalline ascorbic acid was destroyed more rapidly than that from plant 
sources, probably because of the slower release from the plant tissues; Vavich 
et al. (32) showed that ascorbic acid destruction was decreased but not 
entirely prevented in autoclaved rumen contents. 

The probable synthesis of ascorbic acid by the dairy cow has been sug¬ 
gested (8, 10, 11, 20,'22, 31, 33, 34), but the site of synthesis is unknown. 

It generally is believed that blood plasma ascorbic acid is increased most 
effectively whert vitamin C is administered subcutaneously or intravenously. 
Hawley et ah (7), Knight et al. (10), and Satterfield et ah (24) have re¬ 
vealed that blood levels rise very rapidly following intravenous administra¬ 
tion, with excretion in the urine practically being completed within 2 hours. 

Received for publication May 9, 1947. 

i Contribution from the Department of Animal Husbandry and Veterinary Science, 
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Subcutaneous administration results in a slower rise in blood levels, with a 
correspondingly slower rate of excretion. Oral administration of chloro- 
butanol (2, 3,14,15,16,17, 26) significantly increases blood plasma ascorbic 
acid in cattle and urinary excretion of ascorbic acid is increased greatly (16. 
17). This phenomenon also has been demonstrated in rats (12, 28). Feng 
(6) reported that ehlorobutanol and phenobarbitol accelerate the urinary 
excretion of ascorbic acid by rats and increase its concentration in sm&$l 
intestinal tissue, kidney, spleen, and liver. 

Although the bovine apparently does not require extraneous ascorbic 
acid in the diet, considerable quantities of the vitamin are ingested, espe¬ 
cially when animals are on good pasture. In view of the controversial 
nature of ascorbic acid utilization and its indicated destruction in the rumen, 
the study of absorption and elimination of ascorbic acid when administered 
into various known levels of the digestive tract, as compared to subcutaneous 
and intravenous administration, seemed highly desirable. Since chloro- 
butanol previously had been shown to increase blood plasma ascorbic acid, it 
seemed advisable to study its effects. 

EXPERIMENTAL 

Steers were selected for these studies because of the ease of continuous 
urine collection and the absence of such disturbing side effects as estrus and 
lactation. Five yearling Hereford cattle averaging 600 lb. at the beginning 
of the experiment were used. They received daily 6 lb. of a grain mixture 
composed of four parts shelled corn, two parts whole oats, and one part soy¬ 
bean meal and were fed good quality alfalfa hay ad libitum . Feeding and 
watering were done between 7:00 and 8:00 a.iri. and 5: 30 and 6:00 p.m. 
The steers were kept in metabolism stalls for several days before and follow¬ 
ing each experimental trial and in a small dry lot at other times. Rumen 
fistulae were made in two steers using the technique of Schalk and Amadon 
(25), and fistulae were created in the jejunum, cecum, and colon, respec¬ 
tively, in the other three animals, as described by Nichols (18). Twenty- 
four-hour urine samples were collected during the experimental trials on all 
steers except the steer with the small intestinal fistula. The abdominal loca¬ 
tion of this fistula made urine collection impractical. Ascorbic acid deter¬ 
minations were made on whole blood, blood plasma, urine, feces, and ingesta, 
using the method of Roe and Keuther (23). Hemoglobin was determined 
by the method of Evelyn (5) and blood cell volume by the method of Win- 
trobe (36). All colorimetric determinations were made with the Evelyn 
photoelectric colorimeter. 

Twenty-four-hour urine samples were collected before trials, during 
trials, and l;to 2 days afterwards. The urine was collected in 5-1. bottles 
charged uniformly with 100 c.c, of 20 per cent metaphosphoric acid. Urine 
specimens were measured and sampled uniformly between 7:30 and 8:00 
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a.m. and 5:30 and 6:00 p.m. All statistical analyses were made according 
to Snedecor (27). 

RESULTS 

Control. Since preliminary trials indicated that blood plasma ascorbic 
acid was decreased by frequent bleeding, this factor was investigated. Two 
trials on each of four steers (those with rumen, colon, and cecum fistulae) 
were made. Base levels of urinary excretion of ascorbic acid and blood con¬ 
tent of the vitamin were established. The animals then were injected with 
50 c.c. of distilled water into their various fistulae and were bled ten times 
during an 8-hour period. The results, as shown in table 1, reveal that whole 
blood and blood plasma ascorbic acid levels were significantly decreased, as 
compared to base levels (mean of -24, 0, and 24 hours used uniformly in 
this and succeeding trials discussed in this section), during the period when 
bleeding times were close together. These levels returned to pre-trial levels 
between the fourth and sixth hours. The extreme drop in blood plasma 
ascorbic acid for the fourth hour is not readily explainable, but in six of the 
eight trials this value was lower than for the third hour and in seven trials 
it was lower than for the sixth hour. The urine excretion for this period 
(table 2) shows little variation for the 3-day periods involved. The variance 
between steers, however, was highly significant. 

Rumen. Six trials were made on each of two steers. Sixteen grams of 
ascorbic acid, dissolved in 100 c.c. of distilled water, were delivered onto the 
floor of the ventral rumen sac with a syringe and catheter. This procedure 
was repeated every other day for three trials; the steers then were given a 
13-day rest period before the second series of three trials was run. As 
shown in table 1, significant increases in whole blood and blood plasma 
ascorbic acid were observed 15 and 30 minutes after placing the vitamin in 
the rumen. Whole blood ascorbic acid was increased over base levels for 
the first 4 post-injection hours, but blood plasma values dropped noticeably 
after 1.5 hours. 

Inspection of the data for individual steers reveals that in eleven of 
twelve trials both whole blood and blood plasma ascorbic acid were increased; 
the maximum response occurred 15 minutes after injection in ten trials. In 
some trials increased levels were maintained for 4 hours after treatment, but 
variation in the duration of response and the tendency for repeated bleeding 
to lower blood ascorbic acid made average increases over base levels after 30 
minutes rather small. In table 2 the urine response is recorded for each 
steer and for both rumen steers. The steers with rumen fistulae showed ap¬ 
proximately the same increase in urinary elimination on the day of treat¬ 
ment as compared to the day before and the day after. The variance between 
days and between steers for the two rumen steers analyzed together was 
significant (P < 0.06), while the variance between trials x steers was non¬ 
significant. 
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TABLE 1 

Effects of administration of ascorbic acid into the digestive tract un 
blood ascorbic arid 


Administration 
of ascorbie 
add 

No. of 
sample 
series 

Interval of 
bleeding* 

AseorL 

Whole blood 

>ic acid 

Blood plasma 

(mg.%) 

0.418 

0.410 

0.395 

0.391 

0.352 

0.340 

0.386 

0.395 

0.372 

0.446 

0.445 

0.419 

lliff.b 


Diff.b 

(//.)' (site) 

0 Control* 

series 

8 

-24 hr. 

0 

15 min. 
30 min. 

1 hr. 
li hr. 

2 hr. 

3 hr. 

4 hr. 

6 hr. 

8 hr. 

24 hr. 

(mg.%) 

- 0.021 

- 0.025 

- 0.064<* 

- O.OTfcd 

- 0.030 

- 0.021 
- 0.044* 

0.030 

0.029 

(mg.%) 

0.270 

0.282 

0.316 

0.300 

0.269 

0.250 

0.295 

0.294 

0.200 

0.356 

0.301 

0.315 

(mg.%) 

0.027 
0.011 
- 0.020 

- 0.039 
0.006 
0.005 

- 0.089 d 
0.067® 
0.012 

16 Floor 

12 

-24 hr. 

0.568 


0.474 


ventral 


0 

0.603 


0.492 


rumen 


15 min. 

0.698 

O.JlOa 

0.598 

0.113 d 

sac 


30 min. 

0.667 

0.079 d 

0.548 

0.063c 



1 hr. 

0.634 

0.046 

0.517 

0.032 



14 hr. 

0.625 

0.037 

0.528 

0.043 



2 hr. 

0.638 

0.050 

0.467 

- 0.018 



3 hr. 


0.026 

0.503 

0.018 



4 hr. 

0.639 

0.051* 

0.478 

- 0.007 



6 hr. 

0.587 

-0.001 

0.469 

- 0.016 



24 hr. 

0.592 


0.488 


4 Cecum 

10 

- 24 hr. • 

0.455 


0.370 




0 

0.519 


0.389 




15 min. 

0.624 

0.133 d 

0.527 

0.147 d 



30 min. 

0.561 

0.070 

0.479 

o.099 d 



1 hr. 

0.587 

0.096e 

0.447 | 

0.067® 



1} hr. 

0.555 

0.064 

0.439 

0.059 



2 hr. 




! 0.051 



3 hr. 

0.556 

0.065 

0.459 

0.079® 


, 

4 hr. 

0.528 

0.037 

0.426 

0.046 



6 hr. 

0.508 

0.017 

0.390 




24 hr. 

0.498 


0.381 


4 Colon 

10 

- 24 hr. 

0.457 


0.362 




0 

0.525 


0.410 ' 




15 min. 

0.596 

■ 


0.113 d 



30 min. 

0.548 

Bum 1 

0.449 




1 hr. 


wM 


SRtjtt® 



14 hr. 

0.591 

0.090c 

0.478 




2 hr. 

0.601 

O.109<l 

■ 




3 hr. 

0.536 


IHflr " n 




4 hr. 

0.500 






6 hr. 

0.481 


ISfnE " M 




24 hr. 

0.494 


0.356 
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TABLE 1 ( Continued ) 


Administration 
of ascorbic 
acid 

No. of 
sample 
series 

Interval of 
bleeding* 

( 9 •) (*»<«) 



Sum- Rumen, 

32 

-24 hr. 

mar.v cecum, 
colon 


0 

15 min. 
30 min. 

1 hr. 

H hr. 

2 hr. 

3 hr. 

4 hr. 

6 hr. 



24 hr. 

4 Small 

intestine 
( jejunum) 

8 

-24 hr. 

0 

15 min. 
30 min. 

1 hr. 

1* hr. 

2 hr. 

3 hr. 

4 hr. 

6 hr. 

24 hr. 


Ascorbic acid 


Whole blood 

Blood plasma 


Diff.b 


Diff.b 

(W0.%) 

(mg.%) 

(mg.%) 

( mg.%) 

0.498 


0.407 


0.552 


0.434 


0.643 

0.116 d 

0.540 

0.122* 

0.597 

0.070* 

0.495 

0.077* 

0.60J 

0.074 d 

0.473 

0.055* 

0.591 

0.064 d 

0.485 

0.067* 

0.605 

0.078 d 

0.450 

0.032* 

0.571 

0.044e 

0.469 

0.049* 

0.561 * 

0.034 • 

0.419 

0.001 

0.529 

0.002 

0.413 

- 0.005 

0.532 


0.413 


0.319 


0.176 


0.328 


0.226 


0.442 

0.115* 

0.355 

0.150* 

0.525 

0.198 d 

0.388 

0.183* 

0.426 

0.099* 

0.360 

0.155* 

0.366 

0.039 

0.276 

0.071 

0.372 

0.045 

0.290 

0.085 

0.415 

0.088e 

0.288 

0.083 

0.356 

0.029 

0.269 

0.064 

0.389 

0.062 

0.309 

0.104* 

0.335 


0.214 



* F-ratios between intervals were highly significant for each type of experiment re¬ 
ported below. 

b Interval .means compared to mean of - 24, 0, and 24 hr. 

* Distilled water injected into rumen, cecum and colon —i steers, 2 trials each. 

* Highly significant mean difference. 

* Significant mean difference. 


TABLE 2 


Effects of administration of ascorbic acid into the digestive tract 
on urinary ascorbic acid 


Administration of 

No. of 24-hr. 
samples in 
each period 

Av. daily excretion of ascorbic acid 
in urine 

ascorbic acid 

Day before 

Day of 
treatment 

Day after 

(g.) (site) 


(mg.) 

(mg.) 

(mg.) 

0 Control 

8 

34.3 

40.9 

36.5 

16 Rumen—1 

6 

90.6 

123.5 

75.1 

16 Rumen—2 

6 

58.8 

89.0 

56.8 

Rumen summary 

12 

74.7 

106.3 

65.9 

4 Cecum 


46.0 

47.4 

42.4 

4 Colon 

10 

65.8 

72.0 

57.6 

Rumen, cecum, and 
colon summary** b 

32 

63.0 

77.2 

56.0 


* Least significant mean difference between days is ± 9.6 mg. of ascorbic acid; ± 12.8 
mg. required for a highly significant mean difference. 

b Variance between days, between trials, and between steers was highly significant. 
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Cecum . Ten trials were made on one steer following the same general 
procedure previously described. Four grams of ascorbic? acid in 25 c.c. of 
distilled water were administered into the cecum with a stomach tube. The 
average maximum increase in blood ascorbic acid occurred 15 minutes after 
treatment (table 1); both whole blood and plasma showed substantial in¬ 
creases for the first 3 hours, with a gradual decline to base levels thereafter. 
In some trials the maximum response occurred as late as 3 hours. Variation 
in the exact site of administration probably is responsible for the variation 
in time of maximum increase. Urinary excretion of ascorbic acid (table 2) 
was not significantly increased during the 24-liour period after administra¬ 
tion of ascorbic acid, and the between-trial variance was not significant. 

Colon. Four grams of ascorbic acid wore administered in 25 c.c. of dis¬ 
tilled water during each of ten trials on one steer. One-half of the ascorbic 
acid solution was injected approximately 18 inches anterior to the fistula 
and the remainder approximately 14 inches from the opening. As shown 
in table 1, maximum response in blood ascorbic acid again occurred within 
15 minutes after the administration of the vitamin. Whole blood ascorbic 
acid levels were significantly higher for the first 2 hours, while blood plasma 
values dropped noticeably after 15 minutes but remained above base levels 
for the first 3 hours. Positive responses occurred in eleven of twelve trials 
for whole blood and in ten of twelve trials for blood plasma. The maximum 
response was delayed in three trials but occurred within the first 2 hours in 
every case where responses were noted. As shown in table 2, a slight in¬ 
crease in urinary excretion of ascorbic acid was observed for the day of 
treatment, but the variance between days and between trials was non-sig¬ 
nificant. 

Rumen, cecum, and colon summary. Since administration of ascorbic 
acid into various levels of the digestive tract revealed approximately the 
same type of response in blood ascorbic acid, these data were analyzed collec¬ 
tively to increase the total number of replications to 32. The results, as 
shown in table 1, indicate that increases in blood ascorbic acid could not be 
detected 4 hours after administration of the vitamin. The observed effects 
may have been due to the level of ascorbic acid dosage. While four times 
more ascorbic acid was used in the rumen studies, the amount appearing in 
the blood at any one time was no greater than when 4 g. were used in the 
cecum and colon studies. This does not necessarily indicate there was only 
one-fourth the absorption, since significant increases were observed in 
urinary elimination of ascorbic acid in the case of the rumen studies, while 
only slight increases were observed in the colon and cecum studies. A 
second point to consider is the base level of ascorbic acid in whole blood and 
blood plasma. The base levels of the four animals throughout these studies 
frequently were higher than one normally would expect, thus making it less 
likely that more ascorbic acid would be detected in venous blood over a very 
long period of time after ascorbic acid was administered. 
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The urinary excretion of ascorbic acid also was analyzed collectively 
(table 2). The increased number of replications used in the analysis of 
variance reveals that highly significant differences occurred between days, 
between steers, and between trials x steers. 

Small mtestine . Eight trials were made on a steer with a fistula in the 
jejunal area of the small intestine. The same bleeding routine was prac¬ 
ticed, but no urine specimens could be collected because of leakage from the 
intestine, which frequently ran down the sheath. Four grams of ascorbic 
acid in 25 c.c. of distilled water were administered with a stomach tube 
approximately 24 inches into the intestine. A catheter was fitted with a 
rubber thumb stall and the fistula opening closed immediately after the 
ascorbic acid was injected. This device was left in place for the first 90 
minutes. This steer later died from intussusception of the intestine at the 
site of the fistula. 

As shown in table 1, maximum response in blood ascorbic acid occurred 
30 minutes after administration and persisted at a high level for the first 
hour. This steer showed a much lower base level of ascorbic acid than the 
other steers in these experiments. This may account for the 15-minute 
delay in average maximum response as compared to the other steers. In 
only two trials out of eight was the maximum blood response noted at 15 
minutes, but the other six maxima occurred within the first 90 minutes. 
The degree of response also was quite variable. In two trials the blood 
levels were more than doubled while in two others the response hardly was 
detectable. 

Further rumen absorption studies. Since adding ascorbic acid directly 
onto the rumen floor gave j>ositive evidence of absorption, it seemed desir¬ 
able to administer ascorbic acid into the intact rumen. The two steers with 
fistulae in the cecum and colon were used for this study. Sixteen grams of 
ascorbic acid in 100 c.c. of distilled water were administered for 3 succes¬ 
sive days by stomach tube. Blood samples were drawn at 0, 15, and 30 
minutes, and at 1, 2, 4, 5, and 24 hours for each trial, and urine samples 
were collected. The average whole blood and blood plasma ascorbic acid 
values were not significantly increased (fig. 1) over the base levels (average 
of 0 and 24 hours used as the base level). A definite positive response did 
occur in three of the six trials, but this response did not occur regularly 
at any one time interval. The steers eliminated on the average 82.2 mg. of 
ascorbic acid the day before and the day after treatment and 110.4 mg. daily 
during treatment. The magnitude of the increase was essentially the same 
as in previous trials with rumen fistulae. The variance between days was 
significant with the first day of treatment, showing increased urine excre¬ 
tion considerably above the day before, and 1 and 2 days after treatment. 
However, the number of trials is too small to say positively that this 
observed difference was real. Sixteen grams of ascorbic acid would be 
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diluted considerably by the rumen contents and it would be difficult to 
select a bleeding interval that would show if and when maximum absorp¬ 
tion occurred. 

The administration of 16 g. of ascorbic acid 6 inches into the reticulo- 
omasal-abomasal orifice also was performed in four trials on the two steers 



Fig. 1 . The effect of administering ascorbic acid in various regions of the rumen 
on blood ascorbic acid. 

with rumen fistulae. Base levels for blood and urine were established and 
the vitamin given on 2 successive days.. The reticulo-omasal-abomasal 
orifice was located manually and a stomach tube inserted until air blown 
through it could not be felt bubbling back. Cold ascorbic acid solution 
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TABLE 3 


Effects.of administration of ascorbic acid directly into the 
reticulo-omasal-abomasal orifice 


Steer 

Urinary ascorbic acid 

2 days 
before 

1 day 
before 

1st day 
treatment 

2nd day 
treatment 

Day 

after 


(mg.) 

(mg.) 

(mg.) 

(mg.) 

(mg.) 

Rumen—1 

126.4 

156.4 

311.0 

589.9 

183.4 

Rumen—2 

96.0 

23.7 

214.2 

209.5 

137.9 

Av. . 

111.2 

90.0 

262.6 

399.7 

160.0 


then was passed through the tube. In none of the trials could the solution 
be felt oozing back into the rumen at the time of administration. The 
results (fig. 1) reveal that definite absorption occurred from this area. 
Whole blood ascorbic acid values reached a maximum in the first 30 min¬ 
utes, while blood plasma values were highest at 15 minutes but remained 
at a high level through 30 minutes. These mean differences were highly 
significant. All of the trials showed a marked increase at either 15 or 30 
minutes after administration for both whole blood and blood plasma ascorbic 
acid. Urinary elimination of ascorbic acid, as shown in table 3, was more 
than doubled the first day of treatment and tripled the second day. The 
response still was observable on the day following treatment. 

Since placing ascorbic acid in an area where it by-passed the rumen 
gave such a marked positive response of absorption, it seemed highly desir¬ 
able to see if ascorbic acid is absorbed when held in direct contact with the 
rumen wall. A petri dish was fitted with a piece of cellulose sponge to 
serve as the receptacle for ascorbic acid solution. This petri dish and 
sponge held 80 c.c. of solution and could be held in an upright position 
wTthout loss of liquid. Six grams of ascorbic acid in 0.5 per cent sodium 
chloride solution were used for each of 24 trials on two steers. The pro¬ 
cedure was to draw a blood sample, hold the solution against the upper 
ventral rumen wall for 15 minutes, and draw a second blood sample. This 

TABLE 4 


Bolding ascorbic acid solution against the upper ventral rumen wall 


Steer 

Urinary elimination of ascorbic acid 

1 day 
before 

1st day 
treatment 

2nd day 
treatment 

T>ay 

after 


(mg.) 

(mg.) 

(mg.) 

(mg.) 

Rumen—1 . 

183.4 

219.4 


141.7 

Rumen—1 . 

120.4 

143.1 

115.7 

36.4 

Rumen—2 . 

137.9 

132.8 


71.3 

Rumen—2. 

90.5 

82.7 

42.6 . 

27.4 

Av. 

133.0 

144.5 

79.2 

69.2 
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procedure was repeated each hour on each steer for a total of 4 hours on 3 
different days. The results, as shown in figure 1, reveal that ascorbic acid 
increased in both whole blood and plasma after 15 minutes. These differ¬ 
ences were highly significant after 3.25 hours as compared to base levels 
(mean of -24, 0, and 24 hours compared to other means). Urinary elimi¬ 
nation, as shown in table 4, was not changed significantly. 

Subcutaneous administration. For comparative purposes ascorbic acid 
was administered subcutaneously to the same four steers on which urine 
data from previous trials were available. Two grams of ascorbic acid were 
injected in the foreflank region of each steer and blood samples were drawn 
at 1, 2, 3, 4, 6, 8, and 24 hours post-injection. A total of eight trials were 
run. As shown in figure 2, peak levels of ascorbic acid in blood were reached 



Pig. 2. The effect of subcutaneous ascorbic acid administration on blood ascorbic 

acid. 

within 3 hours after subcutaneous administration and returned to pre-treat¬ 
ment levels within 24 hours. However, all time interval means from 1 to 8 
hours after administration were significantly higher than the base levels 
(mean of -24, 0, and 24 hours afterwards). It should be noted that blood 
plasma ascorbic acid was higher than whole blood at the fourth hour, with 
the two being essentially the same at the third hour. Data on individual 
trials show that maximum blood ascorbic acid values occurred consistently 
between 3 and 6 hours after administration and blood plasma values were 
higher than whole blood in six of the eight trials at the fourth hour. 

The amount of subcutaneously administered ascorbic acid recovered in 
the urine was surprisingly small. As shown in table 5, urinary excretion 
of ascorbic acid increased nearly six-fold but only 9.3 per cent of the admin¬ 
istered vitamin was recovered as such in the urine. The range of recovery 
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TABLE 5 


Ascorbic acid recovered in the urine following subcutaneous administration 


Steer 

No. of 
samples 

Urinary ascorbic acid j 

Recovered 
in urine* 

2 days 
before 

1 day 
before 

Day of 
treatment 

1 day 
after 

2 days 
after 



(.mg.) 

(mg.) 

(mg.) 

(mg.) 

(mg.) 

(%) 

Colon 

2 

89.4 

74.2 

322.4 

59.8 

77.9 

12.0 

Cecum 

2 

34.7 

29.2 

383.2 

70.2 

86.2 

7.6 

Rumen—1 .. { 

2 

40.8 

36.4 

191.3 

42.0 

56.0 

6.0 

Rumen—2 .. 

2 

32.8 

23.4 

131.2 

58.2 

| 33.8 

5.2 

Av. 


49.4 

40.8 

232.0 

58.8 

j 63.5 

9.3 


» Mean of day of treatment—mean of 1 and 2 days before/2000 x 100; 2 g. of ascorbic 
acid were administered subcutaneously. 


of ascorbic acid in individual trials varied from 1.5 to 32.5 per cent; both 
the highest and lowest recovery were observed on the same steer (colon). 

Intravenous administration of ascorbic acid . To study speed of re¬ 
moval of ascorbic acid from the blood stream, 2 g. of ascorbic acid were 
given intravenously during eight trials on four steers. Blood samples were 
drawn 24 hours before, at 0, 1, 2, 4, 8. 16, 32, 60, and 90 minutes, and at 
2, 3, 4, and 24 hours after intravenous administration of ascorbic acid. 
Urine samples were taken the day before and at 4,12, 24, and 48 hours after 
treatment. The results are shown in tables 6 and 7. Intravenously admin¬ 
istered ascorbic acid largely disappeared from the blood stream within 30 
minutes, with small quantities being demonstrated in the blood for 4 hours. 


TABLE 6 


Bait of removal of intravenously administered ascorbic acid 


Av. ascorbic acid 


No. of 
sample 
series 


8 


Time of 
bleeding 


-24 hr. 

0 

1 min. 

2 min. 
4 min. 
8 min. 

16 min. 
32 min. 
60 min. 
90 min. 

2 hr. 

3 hr. 

4 hr. 
24 hr. 


Whole blood 

Blood plasma 


Diff* 


Diff.® 

( mg.%) 

(mg.%) 

(mg.%) 

(mg.%) 

0.426 


0.234 


0.485 


0.372 


5.05 

4.60 

6.11 

5.82 

3.94 

3.49 

4.60 

4.31 

2.86 

2.41 

3.42 

3.13 

2.20 

1.75 

2.40 

2.11 

3.22 

0.77 

1.54 

1.25 

ol749 

0.299 

0.782 

0.496 

0.538 

0.088 

0.529 

0.243 

0.516 

0.066 

0.460 

0.174 

0.532 

0.082 

0.478 

0.192 

0.546 

0.096 

0.452 

0.166 

0.516 

0.056b 

0.469 

0.183 

0.440 


0.251 



• Mean of - 24, 0, and 24 hr. after, 
b Not significantly different from base level. 
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Blood plasma ascorbic acid was considerably higher than whole blood 
ascorbic acid for the first 16 mimttes and remained very near whole blood 
for the first hour. As shown in table 7, only 12.2 per cent of the ascorbic 
acid was recovered in the urine. The range of recovery in individual trials 
was 7.0 to 18.3 per cent. During the day of treatment 53 per cent of the 
ascorbic acid was eliminated in 4 hours, 33 per cent in the next 8 hours, and 
14 per cent in the next 12 hours. This latter figure does not represent much 
more ascorbic acid than would have been eliminated in 12 hours if no 
ascorbic acid had been given. 

Digesti/ve tract administration of clilorobutanol. Base ascorbic acid 
levels on the four animals used in the intravenous study were established. 
Five grams of chlorobutanol then were given daily to each steer for 15 days. 

TABLE 7 


Ascorbic acid recovery in the urine following intravenous administration 


Steer 

No. of 
samples 

Av. ascorbic acid in urine 

Bay 

before 

Day of 
treat¬ 
ment 

Bay 

after 

Recov¬ 

ery* 

Day of treatment 

1st 

4 hr. 

Next 

8 hr. 

Next 
12 hr. 



(mg.) 

(mg.) 

(mg.) 

(%> 

(mg.) 

(rng.) 

(mg.) 

Colon . 

2 

61.8 

317.4 

86.6 

12.8 

130.6 

110.8 

75.9 

Cecum . 

2 

86.5 

271.5 

40.2 

9.2 

195.2 

59.6 

16.C 

Bumen—1 . 

2 

73.0 

389.7 

53.4 

15.8 

190.2 

136.6 

63.0 

Bumen—2 .. .. 

2 

27.4 

251.8 

30.2 

11.2 

131.1 

100.0 

20.8 

Av. 


62.2 

307.6 

52.6 

12.2 

161.8 

101.8 

44.1 


» Bay before used as base value for calculations. 


The chlorobutanol was placed directly in the rumen contents in crystalline 
form and was injected into the cecum and colon, dissolved in 10 c.c. of 95 
per cent ethyl alcohol. As shown in table 8, the ascorbic acid content of 
blood and urine was followed daily throughout the trial. On the third and 
fourth days, blood samples were taken at 0, 1, 2, 4, and 24 hours to deter¬ 
mine whether an immediate increase in blood ascorbic acid followed the 
administration of chlorobutanol. These results are shown in figure 3 and 
will be discussed later in this section. 

As shown in table 8, blood ascorbic acid was not consistently affected 
during chlorobutanol treatment, but both whole blood and blood plasma 
ascorbic acid decreased significantly during the 3-day period following 
chlorobutanol administration. Urinary ascorbic aeid was tripled by the 
fourth day of chlorobutanol treatment. 

On the tenth and twelfth days (table 8) 16 g. of ascorbic acid were 
placed in the rumen and 4 g. in the colon and cecum; 2 g. of ascorbic acid 
were administered to each steer intravenously on the fourteenth day and 2 g. 
subcutaneously on the sixteenth day. These administrations were 
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approximately 30 minutes after the daily dose of chlorobutanol. As shown 
in figure 3, the increases in blood ascorbic acid following the administration 
of ascorbic acid were not markedly affected by simultaneous chlorobutanol 
treatment. The maximum blood levels of ascorbic acid were observed 30 
minutes after ascorbic acid injection rather than at 15 minutes when chloro- 

TABLE 8 

Adminislering chlorobutanol and ascorbic acid directly into various 
levels of the digestive tract 


Av. ascorbic acid of four steers 1 * 


Day 

Treat 

ment® 

Whole blood 

Blood 

plasma 

Urine 

Recov- 




Diff.c 


Diff. c 


Diff.c 

ery<* 



(mg.%) 

(mg.%) 

(mg.%) 

(mg.%) 

(mg.%) 

(mg.%) 

(%> 

1 

None 

0.490 


0.348 


89.9 



2 

None 

0.438 


0.410 


72.0 



3 

Ch.® 

0.435 

- 0.029 

0.265 

-0.114' 

98.2 

17.2 

* 

4 

# Ch. 

0.475 

0.011 

0.425 

0.046 

104.2 

23.2 


5 

Ch. 

0.580 

0.116* 

0.438 

0.059 

153.8 

72.8 


6 

Ch. 

0.482 

0.018 

0.322 

- 0.057 

217.2 

136.2 


7 

Ch. 

0.490 

0.026 

0.430 

0.051 

243.8 

162.8' 


8 

Ch. 

0.558 

0.094 

0.390 

-0.011 

180.6 

99.6 

_ 

9 

Ch. 

0.445 

- 0.019 

0.322 

-0.057 

198.4 

117.4 


10 

Ch.h 

0.488 

0.024 

0.355 

- 0.024 

284.1 

203.1k 

0.9 

11 

Oh. 

0.503 

0.039 

0.372 

- 0.007 

180.0 

99.0 


12 

Ch.h 

0.510 

0.046 

0.400 

0.021 

454.1 

373.1k 

2.6 

13 

Ch. 

0.508 

0.044 

0.508 

0.129' 

142.6 

61.6 


14 

Cli. 1 

0.504 

0.040 

0.438 

0.059 

706.4 

625.4k 

25.8 

15 

Ch. 

0.505 

0.041 

0.442 

0.063 

255.8 

174.8' 


16 

Ch.J 

0.415 

- 0.049 

0.295 

- 0.084 

521.2 

440.2k 

15.3 

17 

Ch. 

0.418 

-0.046 

0.270 

-0.109' 

192.5 

111.5 

.... 

18 

None 

0.288 

- 0.176* 

0.192 

- 0.187 k 

140.0 

59.0 


19 

None 

0.368 

- 0.096 

0.220 

-0.159k 

104.8 

23.8 


20 

None 

0.565 

0.101 r 

0.315 

- 0.064 

206.1 

,125.1 


21 

None 

0.440 

- 0.024 

0.382 

- 0.003 

174.2 

93.2 


22 

None 

0.588 

0.124' 

0.402 

0.023 

172.6 

91.6 


23 

None 

0.525 

0.061 

0.410 

0.031 

107.7 

26.7 



* Determinations made 24 hr. after each designated treatment, 
b Represents two rumen, one colon, and one cecum fistula. 

* Mean of days 1 and 2 used as base level. 

* Mean of days 8 and 9 used as base level. 

« Chlorobutanol. 

' Significant mean difference—base levels compared to other means. 
k Highly significant mean difference—base levels compared to other means. 
h 4 g. ascorbic acid administered into cecum and colon, 16 g. into rumen. 

1 2 g. ascorbic acid given intravenously, 
i 2 g. ascorbic acid given subcutaneously. 

butanol was not given; there was a tendency for the increased blood levels 
to be maintained longer. 

The details of urinary elimination are shown in tables 8 and 9. Whereas 
in the previous trials digestive tract administration of ascorbic acid did not 
definitely increase urinary elimination, in these trials elimination, on the 
average, was 100 mg. higher for the first trial and 225 mg. higher for the 
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second trial as compared with the day prior to treatment. The percentage 
of administered ascorbic acid recovered on the day of treatment was calcu¬ 
lated on the basis that urine excretion on the eighth and ninth days (table 8) 
was an acceptable base for ascorbic acid elimination in urine from steers 
receiving chlorobutanol. The amount recovered (stated in per cent of 



• Fig. 3. The effect of chlorobutanol on blood ascorbic acid following ascorbic acid 
administration. 

total administered) is shown by steers and by trials in table 9. The recov¬ 
ery from digestive tract administration still was quite low, since rather large 
quantities of ascorbic acid were given. The recovery following intravenous 
administration was 25.8 per cent as compared to 12.2 per cent when these 
same steers were not receiving chlorobutanol; recovery following subcu- 
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TABLE 9 

Percentage of administered ascorbic acid recovered in the urine of 
steers receiving chlorobutanol 



Percentage of ascorbic acid recovered after 
administration by way of: 

Steer 

Digestive tract* 

Intravenous** 

Subcutaneous** 


Trial 1 

Trial 2 


(%) 

(%) 

(%) 

(%) 

Colon 

3.6 

17.6 

42.2 

19.2 

Cecum 

0.4 

2.6 

20.6 

4.9 

Rumen—1 

0.6 

0.7 

17.3 

8.2 

Rumen—2 .. 

0.8 

o.y 

23.2 

29.0 

Summary 

0.9 

2.6 

25.8 

15.3 


* 4 g. of ascorbic acid placed in colon and cecum, 16 g. in rumens. 
b 2 g. of ascorbic acid administered. 


taneous administration also was 6 per cent higher than previously observed. 

The data from this series of trials indicate that chlorobutanol increased 
urinary elimination of ascorbic acid approximately the same in all steers, 
even though administration was made in three different parts of the diges¬ 
tive tract, namely, rumen, colon, and cecum. 

Subcutaneous administration of chlorobutanol. Base levels were estab¬ 
lished on the four steers used in the above studies. Three grams of chloro¬ 
butanol in 5 c.c. of 95 per cent ethyl alcohol then were injected subcu^ 
taneously into each steer daily for 5 days. Blood samples were taken daily 
and 24-hour urine specimens were collected. Th6 results are shown in 
table 10. Whole blood and blood plasma ascorbic acid decreased consid¬ 
erably during the first 3 days of treatment. However, whole blood values 

TABLE 10 

Effect of administering chlorobutanol subcutaneously 


Day 

Treat¬ 

ment 

Av. ascorbic acid of four steers 

Whole blood 

Blood plasma 

Urine 


Diff.* 


Diff.* 


Diff.» 



(mg.%) 

(mg.%) 

(mg.%) 

(mg.%) 

(mg.%) 

(mg.%) 

1 

None 

0.380 


0.268 


71.2 


2 

None 

0.445 


0.330 


94.4 


3 

Ch.*» 

0.368 

-0.044 

0.250 

- 0.049 

84.1 

1.3 

4 

Ch. 

0.332 

- 0.080c 

0.160 

- 0.130<* 

87.2 

4.4 

5 

Ch. 

0.285 

- 0.127 d 

0.225 

-0.074 

99.5 

16.7 

6 

Ch. 

0.432 

0.020 

0.262 

-0.037 

182.8 

100.0<* 

7 

Ch. 

0.500 

0.088c 

0.265 

-0.034 

165.0 

82.2* 


» Mean of days 1 and 2 used as base level. 

b Determination 24 hr. after treatment with chlorobutanol (Ch.). 

« Significant mean difference—base levels compared to other means. 

4 Highly significant mean difference—base levels compared to other means. 
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increased for the next 2 days, while blood plasma remained slightly lower 
than for the first 2 days, which were used as base levels for purposes of 
comparison. Urinary excretion was nearly doubled on the fourth day after 
treatment began and remained at a high level on the last day of the trial. 
Each steer responded equally well each of the 2 days. This trial was dis¬ 
continued as soon as a definite increase in urinary excretion was noted, since 
it was not thought desirable to give chlorobutanol in 95 per cent ethyl 
alcohol solution subcutaneously for a prolonged period. No indications of 
sloughing in the regions of administration were apparent several weeks 
afterwards. 

Blood ascorbic acid relationships . Blood cell ascorbic acid was calcu¬ 
lated for all blood samples using a blood cell volume-hemoglobin ratio deter¬ 
mined by the random selection of two blood samples from each of four steers. 
This ratio on 48 such samples averaged 2.145 ± 0.035. Hemoglobin deter¬ 
minations were made on all samples. Correlation and regression coefficients 
were determined between whole blood and blood plasma ascorbic acid values 
for the various bleeding intervals and treatments reported in this study. 
The original data for these studies are reported elsewhere (4). Results 
indicate that cellular elements of the blood are permeable to ascorbic acid. 
This was particularly apparent following intravenous administration. 
However, in all these trials (tables 1 and 2, figs. 1 and 2), whole blood 
ascorbic acid tended to increase more slowly and decrease less rapidly than 
blood plasma ascorbic acid. Calculated blood cell ascorbic acid varied con¬ 
siderably and seemed to have a cyclic rate of change. For example, in the 
case of intravenous administration, calculated blood cell ascorbic acid was 
quite high at 1, 2, and 4 minutes after treatment and then decreased in the 
next 12 minutes to considerably below base levels, slowly recovering there¬ 
after. The magnitude of this phenomenon was not so pronounced in the 
other types of administration. The blood cell ascorbic acid content for 
these steers usually varied from approximately 0.7 to 1.0 mg. per cent 
during non-treatment periods but consistently showed values above and 
below during experimental periods. This indicates that the ascorbic acid 
balance between plasma and cells was upset and that some compensatory 
action was taking place. 

Interval of bleeding on the hemoglobin content of blood . Hemoglobin 
values were observed to decrease rather uniformly during periods when 
blood samples were drawn frequently. Some of these data were sum¬ 
marized for the various treaments and various bleeding intervals. The 
results, as shown in table 11, reveal that hemoglobin was reduced signifi¬ 
cantly during the periods of rapid bleeding used in the control, digestive 
tract (rumen, colon, and cecum summary), small intestine, and intravenous 
studies. This drop in hemoglobin also has been observed recently in sheep 
by Thomson et al. (29). The F-ratio between bleedipg intervals was highly 
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significant. The bleeding intervals used during the subcutaneous studies 
did not show any apparent influence on the hemoglobin content of blood, 

TABLE 11 


Effect of bleeding interval on average hemoglobin in the blood of steers 


Bleeding 

interval 

No. of 
sample 
series 

Av. Hb. 
(gm.%) 

Diff.* 

(gm.%) 

Bleeding 

interval 

No. of 
sample 
series 

Av. Hb. 

(. gm.% ) 

Diff. a 

(gm.%) 

Control studies 

Subcutaneous studies 

-24 hr. 

8 

13.94 


- 24 hr. 

8 . 

12.62 


0 


13.18 


0 


13.51 


15 min. 


12.96 

-0.75 

1 hr 


13.02 

-0.27 

30 min. 


12.33 

-1.38b 

2 hr. 


13.53 

0.24 

00 min. 


12.78 

- 0.93" 

3 hr. 


13.42 

0.13 

90 mill. 


32.15 

- 1.56b 

4 hr. 


13.22 

-0.07 

2 hr. 


11.88 

-1.83b 

6 In*. 


13.46 

0.17 

3 hr. 


13.19 

-0.52 

8 hr. 


12.91 

-0.38 

4 hr. 


14.42 

0.71 

24 hr. 


13.46 


0 hr. 


13.42 

-0.29 

— 

— 

-- 


8 hr. 


13.60 

-0.11 

Intravenous studies 


24 hr. 


14.01 


— 

.. 


— 

- .. - 

. 


_ .. . . 

- 24 hr. 

8 

13.34 


Digestive tract studies* 1 


0 1 

14.46 







13 70 

0 27 

-24 hr. 

32 

13.17 


2 min. I 

13.94 

0.51 

0 


13.60 


4 min. 1 

14.04 

0.61 

15 min. 


13.58 

0.41 

S min. 

13.76 

0.33 

30 min. 


13.00 

-0.17 

16 min. 

12.57 

-0.86 

60 min. 


12.75 

-0.42 

32 min. 1 

13.48 

0.05 

90 min. 

* 

12.74 

-0.43 

60 min. 

13.15 

-0.28 

2 hr. 


12.30 

-0.87b 

90 min. ; 

13.03 

-0.40 

3 hr. 


12.76 

-0.41 

2 hr. 

12.32 

- 1.11c 

4 hr. 


33.25 

-0.08 

3 hr. 

12.29 

- 1.15c 

6 hr. 


12.61 

-0.56c 

4 hr. 


11.16 

- 2.27b 

24 hr. 


12.74 


24 hr. 


12.46 


Small intestine studies 





- 24 hr. 

8 

10.84 





0 


11.03 





15 min. 


9.67 

- 1.36b 




30 min. 


* 10.43 

-0.60 




60 min. 


9.80 

- 1.23b 




90 min. 


8.99 

-2.04b 




2 hr. 


9.28 

- 1.75b 




3 hr. 


9.86 

-1.17b 




4 hr. 


9.70 

- 1.33b 




6 hr. 


9.93 

-1.10b 




24 hr. 


11.20 






• Mean of - 24, 0, and 24 hr. used as base level. 

*> Highly significant mean difference. 
c Significant mean difference. 

4 Four steer summary includes rumen 1 and 2, colon, and cecum. 

the F-ratio being only 0.34. Since feeding and watering were done at the 
same relative time in all the studies, variation due to these factors should have 
been apparent in the subcutaneous trials. Furthermore, the steers drank 
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very little water after the morning feeding; maximum water intake in¬ 
variably took place after the evening feeding. 

DISCUSSION 

Absorption of ascorbic acid from the digestive tract. Riddell et al. (22) 
changed three dairy cows abruptly from a winter ration to one consisting 
of 65 kg. of green rye daily. They observed that ascorbic acid in blood 
plasma was more than doubled during the first 12 hours and that urine 
output increased five times within 60 hours. Later, Knight et al. (10) and 
Vavich et al. (32) fed or administered up to 150 g. of ascorbic acid to Hol¬ 
stein cows without observing any increases in blood plasma ascorbic acid in 
samples taken 1.5 hours after administering the vitamin. Vavich et al. (32) 
also fed dehydrated cereal grasses to one cow without influencing blood 
plasma ascorbic acid. Lundquist and Phillips (13) observed that ascorbic 
acid administered per os to calves would raise blood plasma levels for the 
first 10-12 days of life but was ineffective thereafter. 

In this study a total of 76 trials were conducted on five steers. The 
administration of 16 g. of ascorbic acid into the ventral rumen sac signifi¬ 
cantly increased whole blood and blood plasma ascorbic acid within 15 min¬ 
utes. Slight increases were noted for the first 4 hours, but these mean 
differences were not statistically significant. The administration of 4 g. 
of ascorbic acid into the cecum and colon also produced significant increases 
in blood ascorbic acid during the first 2 hours following treatment. The 
maximum values, however, generally were observed w 7 ithin the first 15 min¬ 
utes. When the 32 trials (representing 12 rumen, 10 cecum, and 10 colon) 
were summarized, significant mean differences in whole blood and blood 
plasma ascorbic acid were observed at 15, 30, 60, and 90 minutes, and at 
2 and 3 hours after administration of ascorbic acid. When 50 c.c. of dis¬ 
tilled water were administered to these steers (8 trials) and the same bleed¬ 
ing routine followed, whole blood ascorbic acid was significantly decreased 
after 1, 1.5, and 4 hours, while blood plasma ascorbic acid was significantly 
lowered at 4 hours. Average urine elimination of ascorbic acid was signifi¬ 
cantly higher during the 24-hour period following treatment when 16 g. 
of ascorbic acid were placed in the rumen, but little or no increase was 
observed from placing 4 g. of the vitamin in the colon or cecum. 

The administration of 4 g. of ascorbic acid into the small intestine also 
significantly increased ascorbic acid in whole blood and blood plasma for 
the first hour after treatment, with the maximum increase coming at 30 
minutes. 

The deposition of 16 g. of ascorbic acid in the reticulo-omasal-abomasal 
orifice also significantly increased ascorbic acid in whole blood and blood 
plasma and more than tripled urine elimination of ascorbic acid. Holding 
ascorbic acid against the rumen wall significantly increased whole blood and 
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blood plasma ascorbic acid. Administration of 16 g. of ascorbic acid by 
stomach tube increased blood ascorbic acid in three out of six trials, but 
these increases were not significant. Likewise, urinary elimination was 
not noticeably increased by this treatment. 

Though results in these studies are not in agreement with Knight et al. 
(10) and Vavich et al. (32), a direct comparison cannot be made. Maxi¬ 
mum absorption of ascorbic acid in this study was observed within 15 min¬ 
utes after treatment, whereas, Knight et al. (10) and Vavich et al. (32) 
apparently did not take blood samples prior to 1.5 hours after feeding or 
placing ascorbic acid in the rumen. The time lag between administration 
and bleeding could explain the failure to observe increased blood plasma 
ascorbic acid. However, these authors did observe slight increases in urine 
elimination of ascorbic acid following treatment. 

Daily administration of 5 g. of chlorobutanol for 15 days into the rumen, 
colon, and cecum tripled the urinary output of ascorbic acid by the fifth 
day. This increase essentially was the same as that observed in dairy cattle 
by Moore and Cotter (17) and Moore (16), and in rats by Longenecker 
et al. (12) and Sutton et al. (28). The ascorbic acid content of whole blood 
and blood plasma was not increased. This may have been due to the short 
administration period, since Scheidenhelm et al. (26), Bortree et al. (2, 3), 
Lundquist and Phillips (14, 15), Moore and Cotter (17), and Moore (16) 
frequently observed animals that required chlorobutanol administration for 
more than 15 days before blood plasma ascorbic acid was raised. A pro¬ 
nounced drop in blood ascorbic acid occurred for several days immediately 
following the cessation of chlorobutanol treatment. This also was observed 
by the previous workers, but their observed decrease was not so rapid and 
recovery was much slower. 

Ascorbic acid, when administered subcutaneously, intravenously, or 
into the respective fistulae of these chlorobutanol-conditioned steers, re¬ 
sulted in a marked increase in the per cent of administered ascorbic acid 
recovered as compared to recovery from the same steers when not receiving 
chlorobutanol. Ascorbic acid in the urine increased, on the average, 100 
to 200 mg. when ascorbic acid was placed in the digestive tract following 
chlorobutanol treatment as compared to much smaller increases when the 
steers were not receiving chlorobutanol. Intravenous recovery of ascorbic 
acid was increased from 12.2 to 25.8 per cent and subcutaneous recovery 
from 9.3 to 15.3 per cent by chlorobutapol treatment. The quantities of 
ascorbic acid found in venous blood did not seem to be appreciably greater. 
However, peak values generally were observed at 30 instead of 15 minutes. 
Knight et al. (10) gave 24 g. of ascorbic acid to cows subcutaneously and 
intravenously for 3 successive days. They recovered about 25 per cent of 
the ascorbic acid in the case of intravenous administration and slightly less 
in subcutaneous administration, according to our calculations from their 
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original data. In the present study only 2 g. of ascorbic acid were used 
and for only 1 day. The magnitude of recovery was less in this case except 
when administration was made to chlorobutanol-conditioned animals. The 
low rate of recovery of ascorbic acid in urine, even when the vitamin was 
placed directly in the blood stream at the rate of 24 g. per day for 3 suc¬ 
cessive days (10) suggests that the bovine does not readily eliminate ascorbic 
acid in the urine. Several possibilities exist: the vitamin could be elimi¬ 
nated in feces, it could be absorbed by other body tissues, or it could be used 
as a metabolite. Feces studies (4) do not suggest that any appreciable fecal 
elimination takes place. Ascorbic acid also could be oxidized to the diketo- 
gulonic acid or other non-reversible oxidative forms and thus not be detected 
by the methods of analysis used. The extensive studies of Borsook et al . 
(1) show quite clearly that ascorbic acid is quite stable in blood and tissues 
and that dehydroascorbic acid is reduced rapidly in minced tissues. This 
reducing substance further was shown to be glutathione. This does not 
rule out the possibility that, when excessive amounts of ascorbic acid sud¬ 
denly are placed in the blood stream, the non-reversible oxidative forms 
would not be produced. It seems more than probable, however, that the 
animal body can use excess quantities of ascorbic acid as a metabolite. It 
would be difficult to determine how much ascorbic acid was absorbed from 
digestive tract administration. The mechanism by which chlorobutanol 
causes increased ascorbic acid elimination in urine and raises blood levels 
is unknown. Whether the fact that recovery of administered ascorbic acid 
is markedly increased in steers receiving chlorobutanol adds anything to 
the problem is difficult to say. If the theory is accepted that body synthesis 
is increased, then increased urinary elimination of administered ascorbic 
acid could be explained by the fact that the body has less use for the extra 
ascorbic acid, which then would be eliminated. On the other hand, chloro¬ 
butanol may merely decrease the ability of the organism to utilize the vita¬ 
min and in this manner cause increased ascorbic acid elimination. Feng 
(6) reported that feeding chlorobutanol to rats increased the ascorbic acid 
content of adrenals, kidneys, intestine and liver over the controls. This 
would suggest that ascorbic acid is not driven out of the tissues. The obser¬ 
vations by Moore and Cotter (17) that pregnant heifers on a low carotene 
ration excreted more ascorbic acid in the urine than pregnant heifers fed 
normally and that such heifers did not show any further increase when fed 
chlorobutanol also are of speculative interest. 

When the digestive tract is by-passed by administering chlorobutanol 
subcutaneously, urinary elimination of ascorbic acid is increased as rapidly 
as when the drug was placed in the digestive tract. No apparent changes 
occurred in blood ascorbic acid during the 5-day treatment period. 

The rate of removal of ascorbic acid from the blood stream . Bleeding 
steers 10 times in a single 8-hour period significantly reduced the ascorbic 
acid content of whole blood and blood plasma ascorbic acid. Increases in 
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blood ascorbic acid resulting from administering the vitamin directly into 
the digestive tract were frequently noted at 15 and 30 minutes after treat¬ 
ment but not at 60 minutes or at any time thereafter. Subcuaneous admin¬ 
istration of 2 g. of ascorbic acid was followed by maximum blood levels in 
3 to 6 hours, with return to base levels at 24 hours. When 2 g. of ascorbic 
acid were given intravenously, approximately one-half was removed from 
venous blood in 4 minutes and half of the remainder in the next 12 minutes, 
and this again was reduced by half at the end of 32 minutes. While some¬ 
what higher levels of blood ascorbic acid were observed 4 hours after admin¬ 
istration as compared to the base period, these values had returned to base 
levels after 24 hours. 

Blood cell and blood plasma ascorbic acid relationships . Borsook et al . 
(1) studied permeability of red blood cells by adding ascorbic acid to 
oxalated whole blood and incubating for 1 hour at 37.5° C. They concluded 
that the red corpuscles of beef cattle, cats, dogs, humans, pigs, rats and 
sheep are nearly, if not absolutely, impermeable to added ascorbic acid. 
There were some slight indications, however, that the red corpuscles of pigs 
and sheep had some permeability. 

Results in this study indicate that the cellular elements of the blood do 
absorb some ascorbic acid. This was particularly apparent during the 
first 4 minutes following intravenous administration. It also was noted 
during subcutaneous and digestive tract administration. However, in all 
these trials, whole blood ascorbic acid tended to increase more slowly and 
decrease less rapidly than blood plasma ascorbic acid. Calculated blood cell 
ascorbic acid varied considerably and seemed to have a cyclic rate of change. 
For example, in the ease of intravenous administration, calculated blood cell 
ascorbic acid w r as quite high at 1, 2, and 4 minutes after treatment and then 
decreased in the next 12 minutes to considerably below base levels, and then 
recovered slowly thereafter. 

SUMMARY 

1. The ascorbic acid content of whole blood and blood plasma was signifi¬ 
cantly increased w T ithin 15 minutes after placing ascorbic acid into the 
rumen, reticulo-omasal-abomasal orifice, small intestine, cecum, and colon. 
These increases persisted for only 2-3 hours. 

2. Holding ascorbic acid solution against the rumen wall significantly 
increased the ascorbic acid content of whole blood and blood plasma. 

3. Very little ascorbic acid was recovered in the urine following diges¬ 
tive tract administration, and only 9.2 and 12.3 per cent, respectively, were 
recovered following subcutaneous and intravenous administration. The 
recovery of ascorbic acid was greatly increased when these types of admin¬ 
istration were made to steers receiving chlorobutanol. 

4 . The administration of chlorobutanol into the rumen, colon, and 
cecum at the rate of 5 g. daily for 15 days or subcutaneous administration at 
the rate of 3 g. daily for 5 days significantly increased urinary elimination 
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of ascorbic acid the fourth day after the start of treatment. Blood ascorbic 
acid was not increased by either method of chlorobutanol administration. 

5. Calculations made to determine the ascorbic acid content of blood 
cells indicated that the vitamin passed freely between blood cells and blood 
plasma, although in the case of subcutaneous or intravenous administration 
blood plasma values were at times considerably higher than for whole blood. 

6. The hemoglobin content of blood was significantly decreased by bleed¬ 
ing cattle at frequent intervals. . 

The authors wish to thank Merck & Co., Rahway, New Jersey, for gen¬ 
erously supplying the ascorbic acid used in this study. 
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THE PHARMACODYNAMICS OF ASCORBIC ACID IN CATTLE. 
II. IN VIVO AND IN VITRO LOSS 1 - 2 

B. E. ERB,3 F. N. ANDREWS, and R. E. NICHOLS 
Purdue University Agricultural Experiment Station, Lafayette, Indiana 

Investigations by Whitnah and Riddell (13), Knight et al. (6), and 
Vavich et al. (11) have shown that ascorbic acid rapidly is lost in the rumen 
contents of cattle both in vivo and in vitro. Kendall and Chinn (4) were 
unable to show in vitro decomposition of ascorbic acid in filtered rumen 
juice obtained frpm freshly slaughtered cows. Knight et al. (6) found that 
ascorbic acid rapidly disappeared from the rumen contents of a cow (in 
vivo) after she was fed as much as 150 g. of crystalline ascorbic acid. Studies 
of rumen juice incubated at 39-42° C. revealed that loss of added ascorbic 
acid was rapid but not as rapid as in vivo. This was attributed to lack of 
continuous mixing in vitro compared to continuous mixing in vivo. 

Vavich et al. (11) found that ascorbic acid was destroyed quite slowly in 
sterilized rumen contents. When dehydrated cereal grasses were fed as 
a source of ascorbic acid, the vitamin could be demonstrated in the rumen 
more than 8 hours after feeding, but the highest concentration occurred 2 to 
4 hours after feeding. Orally administered crystalline ascorbic acid could 
be recovered for approximately 2 hours. These authors also removed all 
rumen contents, flushed the rumen with warm w T ater, and again emptied it. 
The cow' then was fed a low ascorbic acid ration. In vivo and in vitro studies 
of this material showed little loss of ascorbic acid, but when 2 gallons of the 
fermenting rumen contents were returned to the rumen, definite loss of added 
ascorbic acid occurred. Young and James (14) and Young and Rettger 
(15) have reported that human fecal cultures and isolated cultures of 
Escherichia coli and Aerobacter aerogenes decomposed ascorbic acid under 
both aerobic and anaerobic conditions. Organisms of the Alcaligenes and 
Proteus groups did not attack ascorbic acid and protected it from atmos¬ 
pheric oxidations but not from bacteria decomposing ascorbic acid. Glucose 
and lactose “spared” ascorbic acid from oxidation by fecal bacteria. Ascor¬ 
bic acid-decomposing bacteria which produced gas from ordinary carbohy¬ 
drates also produced gas when attacking ascorbic acid. Stepp and Schroder 
(10) also have reported on a strain of Escherichia coli that decomposed 
ascorbic acid. 
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The pH in various parts of the digestive tract is quite variable. Dukes 
(1) reports that most rumen studies of cattle show a range of pH 6.0 to 7.8. 
Kick et al. (5), working with steers, reported that their determinations 
varied with rations fed, ranging from pH 5.5 to 7.7, with the most alkaline 
reaction being on material from animals fed alfalfa alone. Monroe and Per¬ 
kins (7) reported an average pH value between 6.83 and 7.01 for animals fed 
such roughages as corn or A.I.V. silage and alfalfa hay. They found that 
when samples were taken at 2-hour intervals throughout the day under dry 
lot conditions, the pH was most alkaline just before the morning feeding, 
with the largest variations occurring just after feeding. Smith (9) made 
in vivo studies on two cows and found that rumen pH was 6.30 on an alfalfa 
ration and 6.07 on alfalfa and beet pulp. The pH generally was more alkaline 
shortly before and after feeding and varied from 6.27 in the front to 6.00 in 
the rear of the rumen. 

The available literature on rumen flora and fauna has been excellently 
reviewed by Hastings (3). In general, numbers of bacteria have been diffi¬ 
cult to estimate, since many do not grow on the usual laboratory media. 
Protozoa concentrations have been reported* variously from 500 million to 1 
billion per ml. These organisms have been estimated to comprise as much 
as 10 per cent of the total dry matter in the rumen. 

EXPERIMENTAL 

Data on the rate of removal or loss of ascorbic acid from the contents of 
various portions of the digestive tract were gathered simultaneously with the 
data on absorption and elimination of ascorbic acid, which were reported in 
the previous paper (2). Rumen juice, small intestinal juice, cecal and colon 
contents, and the feces were studied. Ascorbic acid was determined by the 
method of Roe and Keuther (8) with such modifications as were necessary 
to give satisfactory dilutions. All colorimetric determinations were made 
with the Evelyn photoelectric colorimeter. All pH determinations were 
made with a glass electrode pH meter. 

Samples of rumen juice were taken from the ventral rumen sac. Cecal 
and colon contents were allowed to ooze from the fistulae into 50 c.c. flasks. 
These samples were taken immediately to the laboratory for pH and ascorbic 
acid determinations. 

The ascorbic acid content and pH of the digestive tract contents before 
and following the administration of ascorbic acid are shown in table 1. The 
pH range of 12 determinations on the rumen contents was 5.72 to 6.56, and 
6.92 to 8.12 in the colon in untreated animals. The administration of 16 g. 
of ascorbic acid in the ventral rumen sac did not lower the pH of the rumen 
juice of the two steers. When the ascorbic acid level of the colon contents 
was above 300 mg. per cent, pH appeared to be lowered in several instances 
and ranged between 5.88 and 7.76. The contents from the cecal fistula did 



TABLE 1 

Ascorbic acid recovery in vivo 
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not ooze from the opening at a constant rate, and fewer determinations were 
made from this area. The pH range following ascorbic acid treatment was 
6.46 to 8.45. Considerable quantities of ascorbic acid were recovered in the 
rumen juice during the first 2 hours following administration of 16 g. and in 
the colon contents during the first 4 hours after injecting 4 g. of ascorbic 
acid. In the cecum appreciable amounts of ascorbic acid were present 24 
hours after administration. 

The effects of subcutaneous and intravenous administration of ascorbic 
acid upon the amount of ascorbic acid in the digestive tract contents are 
shown in table 2. Ascorbic acid treatment by these routes had no apparent 
effect on either ascorbic acid content or pH. The administration of chloro- 
butanol into the rumen, colon, and cecum at the rate of 5 g. daily for 9 days 
had no effect on pH or ascorbic acid content of the ingesta. 

The ascorbic acid content of freshly voided feces was determined prior 
to treatment and following administration of ascorbic acid and chlorobutanol. 
These findings are summarized in table 3. The administration of ascorbic 
acid into the rumen, cecum, and colon appeared to increase fecal elimination 
of ascorbic acid. Large quantities of ascorbic acid appeared in the feces 8 
hours after administration into the cecum. This was not so apparent in the 
case of the rumen- and colon-fistulated steers, although fecal ascorbic acid 
appeared to be higher up to 24 hours. Possibly the sampling time of 8 hours 
after treatment was too long in the case of the colon and too short an interval 
after rumen administration. However, oxidation and dilution of ascorbic 
acid placed in the rumen would be expected to decrease greatly the possi¬ 
bility of such treatment increasing fecal ascorbic acid. The subcutaneous 
and intravenous administration of ascorbic acid had little if any effect on 
the feces. Chlorobutanol, when placed in the various fistulae, had no appar¬ 
ent effect on the ascorbic acid content of the feces. , 

A few determinations were made on small intestinal contents. These 
results are shown in table 4. Results of four determinations made before 
treatment with 4 g. of ascorbic acid showed ascorbic acid to be no higher than 
was found in rumen juice. The pH, however, was quite alkaline, ranging 
from 7.22 to 8.16 on 12 samples and averaging 7.63. Considerable ascorbic 
acid was found in the contents 1.5 hours after administration of the vitamin. 
Samples were not taken sooner because of the necessity of keeping the fistula- 
lumen plugged for this period of time after administration to prevent loss of 
the vitamin. Administration also was made posteriorly into the gut, so that 
most of the ascorbic acid probably passed too far back to leak out of the 
fistula when ingesta samples were taken. 

Bate of loss of ascorbic acid added in vivo and incubated in vitro at 37° C. 
In the previous section it was shown that samples of digestive tract contents 
removed at regular intervals after administration of ascorbic acid contained 
appreciable quantities of the vitamin for at least 2 hours. To determine the 
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The effect of administering ascorbic add and chlorobutanol on the ascorbic acid content of the feces 
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Same number of samples from each steer. 

4g.in colon and cecum; 16 g. in rumen. 

Figures in parentheses indicate number of determinations. 
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TABLE 4 

In vivo recovery of ascorbic acid from a jejunal fistula and the 
pH value of the contents 


Av. and range 


Time interval—hr. after treatment 

0 

1.5 

2 

3 

A.A.mg.% . 

Range .... 

0.28 (4)» 
0.19-0.34 

28.7 (4) 

9.0 -43.1 

0.70 (3) 
0.23-0.98 

0.78 (1) 

P H . 

Range . 

7.65 (3) 
7.54-7.86 

7.65 (3) 
7.22-8.02 

7.62 (3) I 
7.32-7.92 

7.16 (1) 


» Figures in parentheses indicate number of determinations. 


24 

0.54 (3) 
0.28-0.73 
7.84 (2) 
7.52-8.16 


rate of loss of ascorbic acid in ingesta outside the body, trials were conducted 
on contents from the small intestine, colon, and rumen following administra¬ 
tion of ascorbic acid into these regions. 

Samples of the rumen, small intestinal, and colon contents were collected 
in flasks, tightly stoppered except during sampling, and pH and ascorbic 
acid determinations were made immediately. The samples then were placed 
in a water bath at 37° C. and ascorbic acid determinations made after 2, 4, 
6, 11, and 23 hours of incubation. The colon and rumen contents were ob¬ 
tained from the fistulae 15 minutes after the administration of 4 and 16 g. of 
ascorbic acid into the colon and rumen, respectively, and the small intestinal 
contents were secured 1.5 hours following the injection of 4 g. of the vitamin. 

The results are shown in figures 1 and 2. Two widely different concen¬ 
trations of ascorbic acid were secured for the incubation studies on small 
intestinal contents. One series of four trials showed an average of 42.6 mg. 
per cent ascorbic acid prior to incubation; after 6 hours of incubation ap¬ 
proximately one-half of the ascorbic acid remained. Half of the remainder 
vras lost in the next 5 hours. The other series of four trials had only 2.8 mg. 
per cent ascorbic acid prior to incubation and lost, on the average, approxi¬ 
mately one-half of the ascorbic acid in 4 hours. 



Fig. 1. In vitro loss of ascorbic acid and pH change in contents of the small intes¬ 
tine incubated at 37° C.—ascorbic acid added in vivo . 
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a 



Fig. 2. In vitro loss of ascorbic acid and pH change in contents of the colon and 
rumen incubated at 37° C.—ascorbic acid added in vivo . 

The average rate of loss of ascorbic aeid from colon contents was approxi¬ 
mately the same as for small intestinal contents. More ascorbic acid was left 
after 11 hours of incubation, but considerably more was present prior to 
incubation. The rate of loss of ascorbic acid from rumen juice, as shown in 
figure 2, was essentially twice as rapid as that in small intestinal and colon 
contents. The pH in all cases dropped for the first 4 to 6 hours and then 
gradually increased throughout the remainder of the incubation period. 

Results from the previous section indicated that ascorbic acid gradually 
was lost from digestive tract contents over a period of 11 to 23 hours, the 
length of time depending on the amount originally in the incubated sample. 
Since it was not possible to get samples of uniform concentration from the 
in vivo method of mixing, ascorbic acid was added to rumen juice and colon 
contents in the laboratory. Samples of the rumen, small intestinal, and 



bated at 37® C. 
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colon contents were collected and divided into three portions of 100 c.c. each. 
One portion was used as a control, 0.25 g. of ascorbic acid was added to an¬ 
other, and 0.5 g. of ascorbic acid to the third. The ascorbic acid was mixed 
into the contents by shaking in tightly stoppered bottles, and a sample for 
pH and ascorbic acid determinations was removed and the remainder placed 
in a water bath at 37° C. The results of six trials on rumen juice and four 
trials on colon contents are shown in figures 3 and 4. The amount of ascorbic 
acid determined after addition of ascorbic acid and at the start of incuba¬ 
tion was not any higher than quantities that occasionally were recovered 
from the digestive tract after vitamin administration. The average rate of 
loss was surprisingly constant for the first 24 hours in the rumen juice for 



incubated at 37° C. 

both the high and low ascorbic acid samples, approximately 250 mg. of 
ascorbic acid being lost in each case. The average rate of loss of ascorbic 
acid in colon contents was slightly higher than the loss in rumen juice during 
the first 22 hours in the sample containing 0.5 g. of ascorbic acid. However, 
the colon samples w T hich contained 0.25 g. of ascorbic acid showed an average 
loss approximately one-third as great; after 44 hours of incubation the 
amount of ascorbic acid remaining was, on the average, nearly the same in 
the two samples. The pH was lowered considerably by the addition of ascor¬ 
bic acid. This decrease was greater than in the case of in vivo samples taken 
after ascorbic acid administration, even though the amount of ascorbic acid 
in these in vivo samples was in some cases higher than the concentration in 
the in vitro samples. 

The effect of adding starch, autoclaving, and filtering rumen juice on loss 
of added ascorbic acid. Rumen juice samples for this study were taken from 
a Jersey cow with a rumen fistula during the last week of May, 1946. This 
cow was maintained on bluegrass pasture and received no grain. Approxi- 





682 


B. E. EBB, ET AL. 


mately 11. of rumen juice was removed for each trial. Samples were pre¬ 
pared for incubation in screw capped jars and ascorbic acid was added at the 
rate of 4 mg. per 100 c.c. of material, except in the case of the bacteria-free 
filtrate, in which ascorbic acid was added at the rate of 8 mg. per 100 c.c. of 
material. 

Corn starch was added at the rate of 50 g. per 1. of ingesta. Samples were 
autoclaved at 15 lb. pressure for 30 minptes. Approximately 50 c.c. of bac- 



Fio. 5. The effects of starch, autoclaving, and removal of bacteria on ratfe of loss of 
ascorbic acid in vitro in rumen juice incubated at 37° C. 

teria-free filtrate were prepared by filtering through cotton and then through 
a Seitz filter. Fifty milligrams of chlorobutanol and thiourea were added to 
some samples singly and together. These two materials had no effect on the 
rate of loss of added ascorbic acid. The factors studied, as shown in figure 
5, were starch added vs. no starch, ascorbic acid alone vs. ascorbic acid and 
starch, autoclaving plus ascorbic acid, and bacteria-free filtrate plus ascorbic 
acid. A control series also was made on autoclaved and bacteria-free filtrate 
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without added ascorbic acid. In the former, ascorbic acid was approxi¬ 
mately twice as high as in untreated samples. The bacteria-free filtrate 
contained no more ascorbic acid than untreated rumen juice. 

The results reveal that the added ascorbic acid was lost in untreated and 
starch-treated rumen juice in 30 minutes, with the latter showing less loss 
at 15 minutes than the former. The rate of loss in autoclaved and filtered 
material was considerably slower. Although precautions were taken to pre¬ 
vent bacterial contamination, some undoubtedly occurred in each case. How¬ 
ever, the rate of loss in these samples would indicate that factors other than 
rumen flora alone may be involved in the loss of ascorbic acid in rumen juice. 

DISCUSSION 

In vivo . Samples of ingesta from the various fistulae taken during the 
control series showed pH values of rumen juice ranging from 5.72 to 6.56; 
the range of all pH determinations during all trials was 5.72 to 7.46. This 
range of values is essentially that reported by Dukes (1), Kick et al . (5), 
Monroe and Perkins (7), and Smith (9). The pH values of colon and cecum 
contents generally were between 7.00 and 8.00 except when large quantities 
of ascorbic acid were present. The pH of jejunal contents also was alkaline, 
showing a range of 7.22 to 8.16. 

Ascorbic acid was recovered from samples of rumen juice for 2 hours 
following administration of 16 g. of the vitamin. This is essentially in agree¬ 
ment with Vavich ct al. (11), although these authors administered as much 
as 150 g. of ascorbic acid at one time. Ascorbic acid was recovered from the 
colon 4 hours after treatment and for as long as 24 hours in cecal contents. 

The administration of ascorbic acid subcutaneously and intravenously or 
of chlorobutanol into various levels of the digestive tract had no noticeable 
effect on the ascorbic acid content of rumen or colon contents. 

There was evidence that ascorbic acid was eliminated in the feces in 
increased amounts following administration of ascorbic acid into the rumen, 
colon, and cecum, with the latter showing considerably more elimination at 
8 hours after treatment. 

Fecal elimination of ascorbic acid did not increase following the addition 
of chlorobutanol to the rumen, colon, and cecum. Neither was there any evi¬ 
dence that the subcutaneous or intravenous administration of ascorbic acid 
resulted in any increased fecal elimination. During these trials the range 
was from 0 to 2.38 mg. per cent ascorbic acid. The amount of ascorbic acid 
in the feces of the steers was several times less than that reported for dairy 
cows by Wallis (12). However, the age, type of animal, difference in ration, 
environment, and the presence of fistulae in the steers prevent any detailed 
comparisons between the two experiments. 

In vitro . Whitnah and Riddell (13), Knight et al . (6), and Vavich et al . 
(11) observed rapid loss of ascorbic acid from rumen contents. Young and 
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J ames (14) and Young and Rettger (15) observed that certain organisms of 
the intestinal flora utilized or aided in the loss of ascorbic acid. 

Incubation of digestive tract contents containing ascorbic acid added in 
vivo revealed that most of the vitamin was lost from rumen juice after 11 
hours of incubation. Appreciable quantities remained in colon contents 
after 24 hours of incubation. Loss from small intestinal contents occurred 
at approximately the same rate as was observed in the case of colon contents. 

The addition of ascorbic acid to rumen juice at the rate of 0.25 and 0.5 g. 
per 100 c.c. and incubation at 37° C., indicated approximately 250 mg. of 
ascorbic acid were lost from each sample during the first 24 hours and, in the 
case of the higher concentration, the remainder was lost during the next 20 
hours. "When 0.5 g. of ascorbic acid was added to 100 c.c. of colon contents 
and incubated at 37° C., the rate of loss approximated that observed for 
rumen juice. However, the samples containing only half as much ascorbic 
acid lost the vitamin only one-third as fast. The rate of loss of ascorbic acid 
added to rumen juice was considerably less than was observed by Vavich 
et al. (11). However, these authors incubated their samples at 39.5° C. and 
determined only reduced ascorbic acid. 

Though the concentration of ascorbic acid was approximately twice as 
high in feces and in the colon and cecal contents as compared to rumen juice 
or juice from the jejunum, this does not necessarily mean that any lower 
bowel synthesis of ascorbic acid has taken place. The increase in dry matter 
in the lower bowel easily could account for the differences noted. Further¬ 
more, to the authors’ knowledge, no information is available on how much 
ascorbic acid might be found in the living microflora of the digestive tract. 
According to Hastings (3), the amount of microflora on a dry-matter basis 
is approximately the same for rumen and fecal material. Thus differences 
in ascorbic acid could be due to the concentration of microflora. The other 
possibility is the liberation of the vitamin from undigested portions of grain 
and hay as they proceed along the digestive tract. Getting more of this solid 
material in the sample easily could account for the differences observed. 

Further studies on rumen juice revealed that ascorbic acid was lost quite 
slowly from a bacteria-free filtrate and autoclaved samples as compared to 
samples not treated in this manner. This essentially is in agreement with 
Vavich et al. (11). 

The addition of corn starch .to rumen juice of a cow on pasture and re¬ 
ceiving no grain showed a slight “sparing” effect on ascorbic acid. Adding 
thiourea or chlorobutanol or both to rumen juice had no effect on the rate 
of loss of ascorbic acid. These studies indicate that both microbiological and 
chemical factors are involved in the loss of ascorbic acid from rumen juice. 
This loss cannot be attributed solely to bacteria or enzymes. 
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SUMMARY 

1. The ascorbic acid content of rumen juice, intestinal juice, colon and 
cecal contents, and feces was determined during ascorbic acid absorption 
studies with steers. 

2. Ascorbic acid was recovered from rumen juice for 2 hours following 
rumen administration of 16 g. of ascorbic acid. The vitamin was recovered 
for 4 and 24 hours, respectively, from colon and cecal contents after placing 
4 g. of the vitamin directly into these regions. 

3. The average ascorbic acid content of feces, cecal, and colon contents 
was approximately twice as high as jejunal or rumen juice during periods 
when ascorbic acid was not administered. 

4. Placing chlorobutanol in the digestive tract or giving ascorbic acid 
subcutaneously or intravenously had no apparent effect on the level of 
ascorbic acid in digestive tract materials. 

5. Some fecal elimination of ascorbic acid was evident following adminis¬ 
tration of ascorbic acid into the digestive tract. 

6. In vivo and in vitro studies on rumen and jejunal juice and on colon 
contents indicated ascorbic acid was quite labile in these media, even though 
considerable quantities were recovered in vivo several hours after treatment. 
In vitro samples incubated at 37° C. lost ascorbic acid less rapidly. 

7. Some ascorbic acid administered into the rumen, colon, and cecum was 
eliminated in the feces, with the latter showing the greatest elimination. 

8. Autoclaving or preparing bacteria-free filtrates of rumen juice greatly 
retarded loss of ascorbic acid as compared to untreated rumen juice. 

The authors wish to thank Merck and Co., Rahway, New Jersey, for 
generously supplying the ascorbic acid used in this study. 

REFERENCES 

(1) Dukes, H. H. The Physiology of Domestic Animals. 5th Ed., Rev. Comstock 

Publishing Co., Inc., Ithaca, N. Y. 1942. 

(2) Ebb, R. E., Andrews, F. N., and Nichols, R. E. The Pharmacodynamics of 

Ascorbic Acid in Cattle. I. Absorption and Elimination, Jour. Dairy Sci., 

30(9) : 649-671. 1947. 

(3) Hastings, E. G. The Significance of the Bacteria and the Protozoa of the Rumen 

of the Bovine. Bact. Rev., 8: 235-254. 1944. 

(4) Kendall, A. I., and Chinn, H. Observations on the Occurrence of Ascorbic Acid 

Fermenting Bacteria in the Stomachs of the Cow. CXVII. Northwestern Univ. 

Med. School Quart. Bui., 15: 205. 1941. 

(5) Kick, C. H., Geblaugh, P., Schalk, A. F., and Silver, E. A. Digestion in Cattle— 

pH of Ingesta. Ohio Agr. Expt. Sta. Bui, 592: 105. 1938. 

(6) Knight, C. A., Dutches, R. A., Guerrant, N. B., and Bechdel, S. I. Excretion of 

Ascorbic Acid by the Dairy Cow. Jour. Dairy Sci., 24: 567-577. 1941. 

(7) Monbox, C. F., and Perkins, A. E. A Study of the pH Values of the Ingesta of 

the Bovine Rumen. Jour. Dairy Sci., 22: 983-991. 1939. 



686 


R. E. ERB, ET AL. 


(8) Roe, J. H., and Keuther, C. A. The Determination of Ascorbic Acid in Whole 

Blood and Urine through the 2,4-dinitrophenylhydrazine Derivative of Dehydro- 
ascorbic Acid. Jour. Biol, Chem., 147: 399-407. 1943. 

(9) Smith, V. R. In vivo Studies of Hydrogen Ion Concentrations in the Rumen of 

the Dairy Cow. Jour. Dairy Sci., 24: 659-665. 1941. 

(10) Stepp, W., and Schroder, H. The Fate of Vitamin C in the Intestinal Canal. I. 

The Effect of Intestinal Bacteria on Vitamin C. Klin. Wchnschr., 14: 147-148. 
1935. 

(11) Vavich, M. G., Dutcher, R. A., and Guerrant, N. B. Utilization and Excretion 

of Ingested Ascorbic Acid by the Dairy Cow. Jour. Dairy Sci., 28: 759-770. 
1945. 

(12) Wallis, G. C. Evidence of Synthesis of Vitamin C by Dairy Cows. Jour. Dairy 

Sci., 24: 401-408. 1943. 

(13) Whitnah, C. H., and Riddell, W. H. Variations in the Vitamin C Content of 

Milk. Jour. Dairy Sci., 20: 9-14. 1937. 

(14) Young, R. M., and James, L. II. Action of Intestinal Microorganisms on Ascorbic 

Acid. Jour. Bact., 44: 75-84. 1942. 

(15) Young, R. M., and Rettger, L. F. Decomposition of Vitamin C by Bacteria.' 

Jour. Bact., 46: 351-363. 1943. 



OBSERVATIONS ON VITAMIN A DEFICIENCY IN 
YOUNG DAIRY BULLS 1 


B. E. EBB,* P. N. ANDREWS, S. M. HATJGE, and W. A. KING 
Purdue University Agricultural Experiment Station , Ltifayettc, Indiana 

% 

Vitamin A deficiency results in the cessation of spermatogenesis and 
atrophy of the testes in laboratory animals (11, 14), and recent studies 
(2, 3, 4, 5, 9,10,12, 13) have shown vitamin A deficiency to have a similar 
effect on the testes of the bull. It also has been reported (2, 3, 5, 6, 9, 10) 
that damage to germinal tissue of the testis due to vitamin A deficiency is 
reparable. The development of pituitary cysts has been attributed to 
vitamin A deficiency (5, 10, 12); this condition appears to be irreparable 
by vitamin A therapy. The common clinical symptoms of vitamin A defi¬ 
ciency are apt to occur prior to any recognizable reduction of fertility of 
bulls (5, 6, 9), especially when the deficiency develops after puberty. 

The purpose of this study was to determine the effect of suboptimum 
intake of vitamin A upon reproduction in the male bovine and to determine 
whether or not prepubertal vitamin A deficiency results in permanent 
impairment of the reproductive processes which cannot be overcome by 
vitamin A therapy. 


PROCEDURE 

Two trials were conducted between August, 1944, and December, 1946. 
The first trial consisted of two groups of five bulls each, and the second trial 
of three groups of four bulls each. The levels of vitamin A intake and 
age when placed on the experiment are shown in table 1. The calves were 
handled in a routine manner prior to being placed on experiment. During 
the experiment all bulls were fed beet pulp and a grain mixture containing 
100 lb. ground white corn, 85 lb. ground oats, 45 lb. wheat bran, 30 lb. lin¬ 
seed oil meal, 45 lb. soybean oil ineal, 1.5 lb. iodized salt, 1.5 lb. bone meal, 
1.5 lb. pulverized limestone, and 0.5 lb. irradiated yeast. Vitamin A (con¬ 
centrated liver oil) was supplied daily as outlined in the table. 

The various groups were kept in separate pens and exercising lots ; each 
bull was tied during feeding. Semen collection was made with the artificial 
vagina, using estrus females. Blood plasma vitamin A determinations were 
made at bimonthly intervals on bulls in trial II from February to December, 
1946, using the method of Kimble (7); blood carotene, ascorbic acid, afad 
hemoglobin also were determined, but these data will not be presented in 

Beceived for publication May 9, 1947. 

i Journal Paper no. 296, Purdue Agricultural Experiment Station. 

* Present address: Division of Dairy Husbandry, The State College of Washington, 
Pullman. 
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Daily vitamin A intake and ages of animals on experiment 


688 


R. E. ERE, ET AL. 
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detail. Growth rate was measured and observations made for the clinical 
symptoms of vitamin A deficiency. 

RESULTS 

Trial I. As shown in table 1, two groups of five bulls each were started 
on experiment during July and August, 1944. On September 7, 1944, a 
Jersey bull (P112) in the control group died (cause undetermined), and 
on December 20, 1944, a Guernsey bull (B553) in the low vitamin A group 
died of pneumonia. This left three Holsteins and one Guernsey in the low 
group, and three Holsteins and one Jersey in the control group. As shown 
in figure 1, the high group grew satisfactorily throughout the experiment. 



Fie. 1. Effect of vitamin A intake on rate of growth in dairy hull calves. 

• 

In December, 1944, bulls in the low group receiving 2,000 I.U. vitamin A 
daily began to lose weight, showing incoordination and reduced feed intake. 
By December 14, three of the four bulls in the low group were blind, and the 
vitamin A intake of all bulls in the group was raised to 4,000 I.U'. daily. 
The bulls slowly recovered and gained at a low rate. The b ’ull (B557) 
which had not gone blind while on 2,000 I.U. of vitamin A daily showed dis¬ 
tinct blindness on February 23, 1945, while on 4,000 I.U. On March 9,1945, 
all bulls were raised to 6,0001.U. vitamin A daily (approximately 141.U. per 
lb. of weight). As body weight increased, the daily vitamin A intake de¬ 
creased, until by September, 1945, it was about 9 I.U. per lb. 

Satisfactory semen was produced by the bulls in the control group at 16 
months of age, but only slight spermatogenesis was noted in bulls on the low- 
level intake. Two bulls from the control group (B550, Pill) and one bull 
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from the low group (B554) were slaughtered and autopsicd during August, 

1945. Histological sections were made of the vital organs, endocrine glands, 
and reproductive tracts. No gross pathology was evident in the bulls from 
the control group and only blindness in the bull from the low group. Histo¬ 
logical examination of the testes revealed a moderate rate of spermatogenesis 
in all three bulls. 

Testicular biopsies (2) were made on the three remaining Holstein bulls 
(B549, B555, B557) on September 19, 1945. Histological sections of the 
testes revealed retarded proliferation of the germinal epithelium, indicating 
delayed sexual maturity. Two of these bulls (B555, B557) then were raised 
to 100,000 I.U. of vitamin A daily while the other (B549) remained on 6,000 
I.U. Although these bulls were blind, they gradually became accustomed to 
mounting cows in heat. Twelve samples of semen were collected from each 
bull during January and February, 1946. In only one sample (B549) was 
initial motility rated above 60 per cent. The concentration of sperm gen¬ 
erally was below 500,000 per mm. 3 and survival time at 5° C. usually was less 
than 24 hours. The sex desire of these bulls was quite good. B549 (6,000 
I.U. daily) consistently produced the best quality of semen, while the semen 
of B557 w T as of very inferior quality. These bulls were slaughtered and 
autopsied February 26,1946. All three had cystic pituitaries. B555 had the 
largest cyst (approximately 2.5 cm. in diameter) and also showed gross 
kidney damage; histological examination of the kidneys revealed extensive 
albuminous degeneration of the convoluted tubules, leucocytic infiltration, 
and glomerular damage. The kidneys of B549 and B557 showed only very 
slight albuminous degeneration. The testes of these bulls showed a moderate 
rate of spermatogenesis, with germinal elements arranged fairly densely. 
The epididymis contained moderate numbers of stored sperm. 

Trial 11. This trial was started in August, 1945. The animals were 
placed on experiment as they became available. The details are shown in 
table 1. Bulls in the medium group received 6,000 I.U. vitamin daily until 
they reached 300 lb. in weight. The vitamin A intake then was adjusted to 
16 I.U. per lb. daily. The low group received 4,000 I.U. daily until they 
reached 300 lb. (B566 until 400 lb.); intake then was adjusted to 8 I.U. per 
lb. daily. All bulls were weighed on 3 consecutive days each month and at 
such other times as necessary to regulate the vitamin A intake. These vita¬ 
min levels were selected because it was believed that 8 I.U. per lb. would be 
marginal and 16 I.U. per lb. would be adequate. The average intake of vita¬ 
min A per pound of body weight and rate of gain for each weight period for 
each bull used in this trial are shown in table 2. None of the bulls with the 
exception of B575 in the medium group grew as rapidly as the control bulls 
in trial I (fig. 1). This failure to duplicate growth rate was due partially 
to not attempting to feed for maximum growth, especially prior to March, 

1946. The controls in this experiment (trial II) showed unsatisfactory 
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Growth rate and daily vitamin A intake 
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growth rates and were off feed more times than the bulls in the other two 
groups (table 3). Between-group comparisons are not possible since the 
control group contained a Holstein, Guernsey, and Jersey, whereas the other 
two groups were composed of three Holsteins and one Jersey. Bulls in both 
the low and medium groups showed night blindness during the experiment 
(table 3); all except P119 (low group) had convulsions at one time or an¬ 
other, with B566 and B570 having the most serious and most frequent 
attacks; three bulls, B566 and B570 (low group), and B118 (medium group) 
went blind. All animals in the low and medium groups showed considerable 
papillary edema, and retinal hemorrhage was observed in three .cases (P118, 
B566, B570). No other clinical symptoms of vitamin A deficiency were 
observed. The animals remained on feed and grew as well as the controls 
(table 2). Their hair coats had a fine, sleek appearance and the hides were 
pliable. No swelling was observed in the feet or legs. 

Beginning in February, 1946, blood analyses for vitamin A, carotene, 
hemoglobin, and ascorbic acid were made bimonthly. Blood plasma carotene 
was of no consequence since these animals were receiving vitamin A. The 
hemoglobin increased slowly with increasing age, with no observable differ¬ 
ences between groups, and whole blood and blood plasma ascorbic acid were 
not appreciably different between the groups. The results of blood plasma 
vitamin A analyses are shown in table 4. Bulls in the medium and low 
groups showed essentially the same low concentration of vitamin A in the 
blood plasma, which is further indication of suboptimum vitamin A intake. 
The controls were considerably higher. Boyer et al. (1) reported that blood 
plasma vitamin A levels of 10 y or more per 100 c.c. are necessary for ade¬ 
quate vitamin A nutrition of the growing calf and that plasma values of 
7-8 y are borderline. 

Semen collections were attempted on all bulls beginning at 13 months of 
age. Ten or more attempts were made with each animal. Although each 
bull was observed riding others, only the Guernsey control (B563) produced 
semen of high quality. Very few sperm were observed in the ejaculates from 
B564 (control) and B570 (low), and these showed only slight motility. The 
other bulls that ejaculated (B573, B565, B575) produced no sperm. The 
ages at first ejaculation are shown in table 3. The bulls from which no ejacu¬ 
lates were obtained showed no interest in estrus cows at collection time. 

Since bulls in the low and medium groups all showed various stages of 
vitamin A deficiency during November, 1946, all bulls were slaughtered dur¬ 
ing the following month. The vital organs were weighed and histological 
sections made. Organ weights and percentages of body weight are shown in 
table 5. The results of histological examination of the testes are shown in 
table 6. The organs and glands not otherwise described appeared histologi¬ 
cally normal. 

No pituitary cysts developed in the five control bulls which were autopsied 
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TABLE 5 

Organ weights and percentage of body weight 

Wt. % body wt. | Wt. % body wt. j Wt. % body wt. | Wt. % body wt. 

B566 ! B570 I B573 I P119 
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in trials I and II. Edema and vacuolation of the basophiles were observed 
in B550 and P120. Seven of the nine bulls receiving the low level of vitamin 
A developed pituitary cysts ranging in diameter from 0.5 to 3 cm. The pitui¬ 
tary histology of the bulls without cysts (B553 and B554) was relatively 
normal. The remainder of the pituitaries of this group were characterized 

TABLE 6 


Trial II—histological observations on testes and epididymides 


Group 

Bull no. 

Testes 

Epididymides 

Low 

B566 

Low rate of spermatogenesis. 
Some tubules contained only 
spermatogonia. 

Left: few stored sperm, 
some leucocytic infiltra¬ 
tion; right: large num¬ 
ber of stored sperm. 

Low 

B570 

Very low rate of spermatogenesis. 
Primary and secondary sper¬ 
matocytes only in most tubules. 

Moderate numbers of 
sperm. 

Low 

B573 

No sperm. Most tubules con¬ 
tained only spermatogonia and 
primary spermatocytes. 

No sperm. 

Low 

P119 

Low rate of spermatogenesis. 
Some tubules with no lumina 
and containing only spermato- 
t gonia and a few primary sper¬ 

matocytes. 

Abundant stored sperm. 

Medium 

B565 | 

| Very low rate of spermatogenesis. 

1 Some tubules with no lumina 

and containing only spermato- 
l gonia and a few primary sper¬ 

matocytes. 

No sperm. 

Medium 

B569 

An occasional sperm. Most tub¬ 
ules had primary and secon¬ 
dary spermatocytes only. 

Epithelial cells in various 
stages of mitosis and a 
few sperm heads. 

Medium 

B575 

No sperm. Most tubules con¬ 
tained spermatogonia and sec¬ 
ondary spermatocytes, and a 
few spermatids. 

No sperm. Few epithelial 
cells. 

Medium 

P118 

Low rate of spermatogenesis. 
Some tubules with primary 
spermatocytes and spermato¬ 
gonia only. 

Large numbers of sperm. 

Control 

B564 

Low rate of spermatogenesis. 

Left: numerous areas with 
leucocytic infiltration, 
moderate sperm storage; 
right: abundant sperm. 

Control 

B563 

Moderate spermatogenesis. 

Abundant sperm. 

Control 

P120 

Moderate spermatogenesis. 

Abundant sperm. 


by a loose arrangement of the anterior pituitary cells and vacuolation of the 
basophiles, and edema was observed in five of the glands. All of the four 
bulls in the medium vitamin A group in trial II developed pituitary cysts. 
Two of the bulls (B565 and B569) showed some edema, vacuolation of the 
basophiles, and a loose arrangement of the pituitary elements. 

No consistent differences occurred between groups in the histology of the 
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adrenal cortex but some variation from normal appeared in the adrenal 
medulla. In one of the control bulls (B550) slight necrobiosis of the me¬ 
dulla was observed, and in a second control (B564) there was moderate 
lymphocytic infiltration of the medulla. In five of the nine bulls on low 
vitamin A intake early necrobiosis or necrosis of the medullary cells was 
observed and in one (B555) several large areas of polymorphonuclear leuco¬ 
cytes extended from the capsule through the medullary portion. In the 
medium vitamin A group early necrobiosis was observed in B565 and B569, 
the bulls with the largest pituitary cysts in the group. One area of the cortex 
was infiltrated with polymorphonuclear leucocytes in P118. 

DISCUSSION 

There is general agreement among investigators that vitamin A defi¬ 
ciency, if prolonged, results in the degeneration of the germinal epithelium 
of the testes in sexualty mature bulls and that lowered fertility or sterility 
results. It is likewise agreed, that in sexually mature bulls, relatively nor¬ 
mal spermatogenesis can be restored by vitamin A therapy (2, 3, 4, 5, 9, 12). 
The effects of prepubertal vitamin A deficiency upon sexual development and 
subsequent fertility or reproductive capacity arc not completely understood. 
Following the reports of Madsen et al. (10) that prenatal or postnatal vita¬ 
min A deficiency in cattle results in the development of pituitary cysts which 
are not reparable by vitamin A therapy, it was hypothesized that suboptimal 
vitamin A intake prior to puberty might be a cause of lowered fertility in 
mature bulls. 

It originally was intended that the level of vitamin A intake in the Pur¬ 
due experiment would prevent clinical vitamin A deficiency and that the 
results of suboptimal vitamin A could be measured for the most part in terms 
of semen quality. As reported above, the results were not wholly as expected. 
In the first experiment, three Holstein bulls on low vitamin A intake became 
blind by 6 months of age. The development of blindness resulted in con¬ 
tinual difficulty in making semen collections, and because of this complica¬ 
tion, it is impossible to separate the physiological and psychological effects 
of vitamin A deficiency on reproductive capacity. However, the microscopic 
study of testicular biopsies made on the three bulls at 14 months of age 
showed that spermatogenesis was retarded. Two of the animals received 
100,000 I.U. of vitamin A daily beginning at the fourteenth month and one 
was held at 6,000 I.U. Although blindness persisted, all of the bulls eventu¬ 
ally ejaculated. None of the semen samples could be classified as of excellent 
quality, although large numbers of sperm were produced. Examination of 
the testes at autopsy revealed that the rate of spermatogenesis was subopti¬ 
mum in terms of bulls of known high fertility. Evidences of pituitary and 
adrenal damage were observed. Although the authors are not specialists in 
pituitary or adrenal cytology, certain histo-pathological changes were noted. 
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Pituitary cysts were present in the three bulls. The cells of the anterior 
pituitaries were loosely arranged; there were evidences of edema, and the 
basophiles showed more vacuolation than in normal bulls. Clear-cut castra¬ 
tion cells were not observed. Although vitamin A therapy was carried out 
for 5 months, spermatogenesis was not restored to an entirely satisfactory 
level and histological evidences of vitamin A deficiency persisted. These 
results are in essential agreement with those of Madsen et dL. (10) and 
Hodgson et al. (5). It would appear, however, that acute vitamin A defi¬ 
ciency in sexually immature animals may have effects which persist long 
after the correction of the deficiency. 

The second experiment was planned with the intention of studying both 
vitamin A deficiency and subdiriical deficiency in prepubertal bulls. Vita¬ 
min A levels of 4,000 and 6,000 I.U. per day until the bulls reached 300 lb., 
and adjustment at that time to 8 and 16 I.U. of vitamin A per lb. body 
weight, were maintained. These levels are equivalent to 17.6 and 35.3 I.U. 
per kg. of body weight and are approximately one-half and slightly above the 
minimum requirements (321.U. per kg.) for calves as reported by Lewis and 
Wilson (8). As previously pointed out, neither the control nor experimental 
bulls in trial II grew as rapidly as the controls in trial I. This difference 
apparently is the result of a lower daily feed intake than was maintained in 
the first experiment. All of the bulls in the low and medium vitamin A 
groups developed night blindness and all except one (P119—low group) had 
convulsions during the trial. Papillary edema and retinal hemorrhage were 
observed in three bulls, and blindness developed in three cases. However, 
other clinical evidences of vitamin A deficiency were not observed. Growth 
rate of the bulls in the low and medium groups was essentially similar to that 
of the controls receiving 100,000 I.U. of vitamin A daily, and the hides were 
sleek and pliable. Normal sexual maturity, as measured by sexual drive and 
semen quantity and quality, was retarded in the low and medium groups. 

Histological studies of the entire reproductive tract and the vital organs 
were made. The rate of spermatogenesis in eight of the experimental and 
one of the control bulls was low and definitely suboptimal. Sperm produc¬ 
tion was reduced. 

Although Hodgson et al. (5) demonstrated fertility in the semsn of vita¬ 
min A-deficient bulls, they found that semen quality as measured by the 
usual standards was low. It is the opinion of the authors that although bulls 
receiving deficient or slightly deficient rations may not be sterile, fertility is 
affected and reproductive capacity definitely is limited. The reduction of 
sexual drive and failure to ejaculate are serious reproductive disturbances. 
The ability of males with these characteristics to impregnate an occasional 
female is an indication of fertility but is no measure of normal reproductive 
capacity. 

The development of recognizable pituitary and adrenal changes in the 
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bulls receiving 8 and 16 I.U. of vitamin A suggests that these intakes do not 
permit complete physiological development, even though growth may be rela¬ 
tively satisfactory. 

The results which have been obtained in these and other studies on the 
vitamin A requirements of growing bulls leave much to be desired. Varia¬ 
tions between bulls of the same and different breeds, failure to adjust vita¬ 
min A intake to body weight from birth, and the failure to conduct blood 
vitamin A studies beginning at birth all have contributed to the difficulty of 
reaching entirely satisfactory conclusions in this study. The interference of 
blindness with normal behavior may account for some of the observations on 
the apparent lack of sexual drive, but there seems to be sufficient evidence to 
suggest that suboptimal vitamin A intake retards male hormone production 
as well as spermatogenesis. 


SUMMABY 

1. The effects of varying levels of vitamin A on the reproductive develop¬ 
ment of 13 Holstein, 4 Jersey, and 3 Guernsey bulls were studied. 

2. Complete blindness developed in bulls receiving 2,000 I.U. of vitamin 
A daily. Following supplementation of the ration with 4,000 and 6,000 I.U. 
of vitamin A daily, very slight spermatogenesis was observed; only moderate 
sperm production was found following 5 months of therapy with 100,000 I.U. 
of vitamin A daily. 

3. Bulls which received 4,000 and 6,000 I.U. daily of vitamin A until 
300 lb. in w'eight, and then 8 and 16 I.U. daily per lb. of body weight, ex¬ 
hibited convulsions, showed evidence of night blindness, and three became 
totally blind. Sexual maturity was delayed, sex drive inhibited, and sper¬ 
matogenesis limited. Cystic pituitary glands were observed in all bulls ex¬ 
cept the controls. Histological differences were observed, however, in both 
the anterior pituitary glands and the adrenal glands of the bulls. 

4. Although moderate prepubertal vitamin A deficiency did not com¬ 
pletely inhibit sperm production, fertility and reproductive capacity ap¬ 
peared to be seriously impaired, since sexual drive and spermatogenesis as 
measured by laboratory procedures and histological examination were re¬ 
duced. The possibility that prepubertal damage may be permanent, espe¬ 
cially when cystic pituitaries develop or total blindness occurs, should not 
be overlooked. 
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THE EFFECT OF MILKING AT SHORT INTERVALS WITH AND 
WITHOUT INJECTIONS OF OXYTOCIN 1 

VEARL R. SMITH 

Department of Dairy Husbandry , University of Wisconsin , Madison 

Kellner (7) long ago demonstrated an increased production of milk per 
unit of time by decreasing the milking interval. Many methods since have 
been used to ascertain the course of milk secretion. Tgetgel (10) measured 
the increase in pressure within the mammary gland during the intervals 
between milkings. His data show that the pressure increases slowly after 
milking, but rises quite rapidly toward the approach of the next milking. 
Isaachsen (6) attempted to measure the course of milk secretion by canu- 
lating the mammary gland over a 24-hour period. The container into which 
the catheter drained was emptied at hourly intervals. The flow of milk from 
hour to hour was quite variable. 

Filipovic (2) milked cows at one-half and hour intervals during the 
periods between normal milkings. The yields that were obtained were quite 
irregular. He interpreted the data as showing a peak secretion occurring 
at about 4 hours after the last normal milking. 

Ragsdale et al. (8) and Garrison and Turner (4) studied the rate of milk 
secretion by milking cows at increasing intervals of from 1 to 36 and 1 to 24 
hours, respectively. These authors concluded that the rate of milk secretion 
is quite constant at milking intervals of 12 hours. 

Gasnier et al. (5) milked cows at intervals ranging from 0.5 to 16 hours. 
Their conclusions were that milk production was proportional to the length 
of the interval during the first 6 hours, and for longer intervals milk produc¬ 
tion varied logarithmically. 

Shaw (9), milking cows at 2-hour intervals with the aid of oxytocin, 
found that milk secretion was uniform from milking to milking. According 
to the theory proposed by Ely and Petersen (1), it is necessary for the cow 
to respond to the stimulus of milking by releasing the hormone, oxytocin, 
thereby causing the “let-down” phenomenon before the preformed milk in 
the cow’s udder can be removed. 

EXPERIMENTAL METHODS 

Eight Holstein cows were selected from the University herd, on the basis 
of level of production and stage of lactation, to form four pairs such that the 
two individuals of a pair were as nearly alike as possible. 

Becived for publication May 14,1947. 

i Published with the approval of the Director of the Wisconsin Agricultural Experi¬ 
ment Station. . 
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Records of the milk weights and fat tests on each cow were kept for a 
6-day pre-experimental period. During the subsequent 6 days, or experi¬ 
mental period, the cows were milked 12 times in 24 hours, beginning at 6 a.m. 
Thus the 6 a.m. milking constituted the beginning of a new day. On the 
injection day for a given group, each cow of the group was injected with 
101.U. of oxytocin immediately prior to each milking. 

The design of the experimental period is illustrated as follows: 


Day of experimen¬ 
tal period 

r-l 

2 

3 

4 

5 

6 

Group I 

Pre¬ 

injection 

Injection 

Inter¬ 

injection 

Injection 

Post¬ 

injection 

Post¬ 

injection 

Group II 

Pre¬ 

injection 

Pre¬ 

injection 

Injection 

Inter¬ 

injection 

Injection 

Post¬ 

injection 


Days 2, 3, 4, and 5 of the experimental period constituted a “switch- 
back” design with respect to injection. However, the results obtained from 
cows of Group I on the sixth day of the experimental period have no counter¬ 
parts among the results obtained from the cows of Group II. Also, the 
results from the cows of Group II have no counterparts obtained from Group 
I oh the shift from twice-a-day to 12-times-a-day milking on the first day of 
the experimental period. 

Records were kept of the pounds of milk produced and the per cent of fat 
of the milk for each cow at each of the 12 daily milkings during the 6 days 
of the experimental period. 

The cows were returned to their regular twice-a-day milking schedule 
following the 6-day experimental period. Records again were kept of the 
pounds of milk and per cent of fat for each cow at each milking for 7 days 
subsequent to the experimental period. The day immediately after the ex¬ 
perimental period was considered a transitional period, and the next 6 
consecutive days were termed the post-experimental period. 

One of the necessary conditions for valid use of analysis-of-variance 
methods is uniform variability of all the measurements involved in the analy¬ 
sis. The tests of significance associated with analysis-of-variance procedures 
are meaningless when this condition is not fulfilled, at least approximately. 
Since data for the respective cows differ in variability, and the variability is 
greatly reduced during the period of injection and greatly increases after 
cessation of injection, the data were analyzed by the rank method (3), as no 
common transformation would “bring the data into line”. 

RESULTS 

Comparison of the Pre-experimental, Experimental and 
Post-experimental Periods 

Average daily production of milk. Table 1 gives the 6-day averages of 
the milk production of each cow for each of the three 6-day periods involved 
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TABLE 1 

Average daily production of milk by each cow during each of the 
three periods of the study 


Group 

Cow 

Period 

Pre-experimental 

Experimental 

Post-experimental 

lb. 

Hank 

lb. 

Rank 

lb. 

Bank 

I 

228 

36.3 

2 

42.6 

3 


1 


282 

38.6 ’ 

2 

43.8 

3 

37.6 

1 



28.7 

2 

32.9 

3 

27.6 

1 



11.9 

2 

16.8 

3 

6.6 

1 

II 

242 


2 

49.2 

3 

37.7 

1 


258 

41.6 

2 

48.2 

3 

36.0 

1 


307 

26.1 

2 


3 

24.5 

1 


174 

1 

13.6 

2 

17.1 

3 

_ i 

12.8 

1 

Av. standard error. 

0.44 

1.16 

0.52 


in the study. The averages for each cow were ranked 1, 2, or 3 in increasing 
order of magnitude. The most conspicuous feature of the results is the com¬ 
plete consistency of the ranks, as the average daily production of every cow 
was greatest during the experimental period and least during the post- 
experimental period. Since the probability of eight sets of three ranks each 
being completely consistent by chance alone is 1/279,936, it is clear that the 
particular pattern of complete consistency observed is significant. The aver¬ 
age standard error shown in table 1 for the experimental period is more than 
double the values shown for each of the other two periods. This increase in 
variability, which is significant at the 0.01 probability level, largely is due to 
the vicissitudes of milk production on the days following injection days, 
which greatly over-balanced the greater uniformity of milk production on 
injection days. 


TABLE 2 

Weighted average per cent fat of milk produced by each cow during each 
of the three periods of the study 


Group 

Cow 

Period 

Pre-experimental 

J Experimental 

Post-experimental 

% 

Bank 

% 

Bank 

% 

Bank 

I 

228 

3.51 

2 

3.37 

1 

3.85 

3 


282 

3.77 

2 

3.54 

1 

4.26 

3 


290 

3.64 

2 

3.48 

1 

4.05 

3 


190 

4.66 

2 

3.75 

1 

5.04 

3 

II 

242 

3.57 

2 

3.31 

1 

4.10 

3 


258 

3.48 

2 

3.25 

1 

4.10 

3 


807 

3.89 

2 

3.63 

1 

4.78 

3 


174 

3.34 

1 

3.40 

2 

3.59 

3 

Av. standard error.. 

0.069 

0.121 

0.173 
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Average per cent fat . The average per cent of fat for each period is pre¬ 
sented in table 2, together with the relative ranks* These are weighted aver¬ 
ages of the figures on per cent of fat for the respective milkings and are not 
simple arithmetic means. 

For each cow the highest average per cent fat occurred during the post- 
experimental period, in which the average daily production of milk was least. 
Also, with the exception of cow no. 174, the lowest average per cent of fat 
occurred during the experimental period, when the average daily production 
of milk was greatest. Since the probability of obtaining by chance alone 
either a perfect negative correlation between two groups of eight sets of three 
ranks each or a case only one permutation distance from a perfect negative 
correlation is 1/559,872, the observed negative correlation is statistically sig¬ 
nificant. Average standard errors shown at the bottom of table 2 increase 

TABLE 3 


Average daily production of fat by each cow during each of the 
three periods of the study 


Group 

Cow 

Period 

Pre-experimental 

Experimental 

Post-experimental 

lb. 

Rank 

lb. 

Rank 

lb. 

Rank 

I 

228 

1.27 

1 

1.43 

3 

1.31 

2 


282 

1.46 

1 

1.55 

2 

1.60 

3 


290 

1.04 

1 

1.14 

3 

1.12 

2 


190 

0.55 

2 

0.63 

3 

0.33 

1 

II 

242 

1.46 

1 

1.63 

3 

1.55 

2 


258 

1.45 

1 

1.56 

3 

1.48 

2 


307 

1.02 

1 

1.09 

2 

1.17 

3 


174 

0.455 

1 

0.58 

3 

0.458 

2 

Av. standard error 

0.1067 

0.0762 

0.0486 


uniformly from the pre-experimental period through the post-experimental 
period. This trend is significant at the 0.01 probability level. From these 
data it is not possible to determine whether this is due to injections and their 
after-effects, or to the effect of 12 milkings per day during the experimental 
period and the after-effects of this procedure, or both. . 

Average daily production of fat. Table 3 gives the 6-day averages of the 
fat production (in pounds) of each cow for each of the periods of the study, 
as well as the relative ranks of the three averages for each cow. The figures, 
for average daily production of fat do not form as dear-cut patterns as the 
figures shown in tables 1 and 2. However, foT each cow the average daily 
production of fat was higher during the experimental period than during 
the pre-experimental period, and, with the exception of cow no. 190, it also 
was higher during the post-experimental period than during the pre-experi¬ 
mental period. Since the probability of obtaining by ehance alone a pattern 
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equally or more consistent is 2/2,187, the pattern observed may be regarded 
as significant. The average standard errors of total fat production shown 
at the bottom of table 3 decrease uniformly from the pre-experimental period 
through the post-experimental period, a trend that is significant at the 0.01 
level and in the opposite direction from that observed in the average stand¬ 
ard errors of per cent fat. 

Effect of Injections 

Level of total milk production . The total production of milk (in pounds) 
of each cow on each of the 12 daily milkings during the 6-day experimental 


TABLE 4 

Milk production (exclusive of the two 1 ‘transitional” milkings) of each cow 
for each day of the experimental period 


Day 

Typo 

228 

lb. 

Bank 

Group I, 

282 

cow no.: 

290 

190 

lb. 

Rank 

lb. 

Rank 

lb. 

Rank 

1 

Pre-injection 

30.0 

1 

35.3 

3 

25.4 

1 

11.3 

1 

2 

Injection 

35.1 

4 

37.5 

4 

26.8 

2 

12.7 

2 

3 

Inter-injection 

34.0 

3 

41.6 

5 

26.9 

3 

18.1 

5 

4 

Injection 

38.5 

5 

42.6 

6 

30.8 

6 

18.3 

6 

5 

Post-injection 

40.0 

6 

30.9 

1 

27.7 

4 

14.4 

3 

6 

Post-injection 

33.5 

2 

34.5 

2 

28.4 

5 

15.0 

4 





Group II 

cow no. 

: 



Day 

Type 

242 

2S8 

307 

174 



lb. 

Hank 

lb. 

Bank 

lb. 

Rank 

lb. 

Rank 

1 

Pre-injection 

40.0 

3 

37.1 

1 

26.7 

5 

14.2 

3 

o 

4 * 

Pre-injection 

43.5 

5 

39.6 

3 

26.4 

4 

14.9 

5 

3 

Injection 

42.5 

4 

40.1 

4 

25.6 

3 

14.5 

4 

4 

Inter-injection 

37.7 

1 

39.1 

2 

24.3 

2 

12.8 

2 

5 

Injection 

46.3 

6 

46.5 

6 

27.3 

6 

16.8 

6 

6 

Post-injection 

39.1 

2 

42.2 

5 

22.6 

1 

12.7 

1 


period is shown in figure 1. Without exception, the milk production on 
the first milking of an injection day either equaled or exceeded the maxi¬ 
mum production of the other milkings on the same day, and without excep¬ 
tion the milk production on the first milking of a control day following an 
injection day was below average for the day, although not the minimum for 
the day in all cases. Consequently, the first two milkings of each day were 
excluded from the analyses to eliminate the “transitional milkings” from 
one treatment to the other. 

Table 4 gives the total production of milk of each cow for the last ten 
milkings of each day of the experimental period, and the relative rank of 
each day’s production. The rankings for both groups exhibit significant 
divergence from chance arrangements, the divergence being significant at the 
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Fig. 1. Total milk (in lb.) of each cow on each of the twelve daily milkings on each 
of the 6 days of the experimental period. 
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0.05 level in the case of Group I and at the 0.01 level in the case of Group II. 
The only features common to the two parts of the table, however, appear to 
be the above-average production of the second injection day, and the fact 
that production on the second injection day exceeded production on the first 
injection day without exception. 

Variability of total milk production. Examination of the various parts 
of figure 1 shows that, neglecting the initial milking on injection and post¬ 
injection days, milk production in general was more uniform from milking 

TABLE 5 

Measures of the variability * of the milk production from milking to milking 
(exclusive of the two “transitional 99 milkings) of each cow for 
each day of the experimental period 


Day 

Type 



Group I, 

cow no.: 




228 

282 

290 

190 

lb. 2 

_ 

Bank 

lb. 2 

Bank 

lb. 2 

Bank 

lb. 2 

Bank 

1 

Pro-injection 


2 

55.6 

4 

1.5 

2 

1.6 

3 

2 

Injection 

17.4 

3 


1 

3.6 

3 


2 

3 

Inter-injection 

86.6 

4 

132.5 

6 

11.7 

4 

9.2 

4 

4 

Injection 

■wTm 

1 

1.3 

2 

0.8 

1 


1 

5 

Post-injection 


5 

51.4 

3 

34.6 

6 

11.2 

5 

6 

Post-injection 


6 

78.3 

5 

32.1 

5 

21.5 

6 





Group II 3 

cow no.: 




Day 

Type 

242 

258 

307 

174 



lb. 2 

Bank 

lb. 2 

Bank 

lb. 2 

Bank 

lb. 2 

Bank 

1 

Pre-injection 

MfHW 


17.1 

4 


3 

5.4 

5 

2 

Pre-injection 



11.4 

3 

17.8 

4 

2.2 

3 

3 

Injection 



0.7 

1 

0.1 

1 

0.2 

1 

4 

Inter-injection 

100.7 


59.9 

5 

25.6 

6 

4.3 

4 

5 

Injection 



2.6 

2 


2 

1.1 

2 

6 

Post-injection 

121.7 

6 

217.6 

6 


5 

6.2 

6 


* Sums of the squares of the deviations of the pounds of milk of the 10. non-tran- 
sitional milkings from the corresponding averages were used to indicate the variability in 
the pounds of milk. 


to milking on injection days than on pre-injection days, and generally more 
variable on post-injection days than on pre-injection or inter-injection days. 

Table 5 gives the value of the sum of squared deviations of the milk yields 
of each cow for the ten non-transitional milkings from the average yield of 
these milkings on the day concerned. The relative ranks of the six figures 
for each cow also are given. The measures of milking-to-milking variation 
of milk production clearly are consistent with the visual impression obtained 
from examination of figure 1; they are extremely small for injection days 
and extremely large for post-injection days. Without further statistical 
analysis, it is clear that injection results in a significant reduction in milking- 
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to-milking variation of milk production and a significant increase in varia¬ 
bility on days following injection. 

Level of per cent of fat . The per cent fat of the milk produced by each 


GROUP I 


GROUP E 



COW 190 


COW 174 


Fig. 2. The per cent fat of the milk of each cow on each of the twelve daily milkings 
on each of the 6 days of the experimental period. 


cow on each of the 12 daily milkings during the 6-day experimental period 
is shown in figure 2. The per cent of fat of the milk produced on the first 
two (or three) milkings of an injection period generally was above average, 
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with the per cent fat on the first injection milking generally the highest, 
except for cows of Group II on their second injection day. The per cent fat 
of milk produced on a day immediately following an injection day tends to 
be less than the per cent fat produced on either an injection day or on a pre¬ 
injection day. 

Table 6 gives the per cent fat of the milk produced by each cow on the 
ten non-transitional milkings (i.c., excluding the first two 44 transitional ’ 9 
milkings) of each day of the experimental period. The relative ranks of the 
six figures given for each cow also are shown. The pattern of ranks for the 


TABLE 6 

Per cent of fat of milk produced (exclusive of the two “transitional” milkings) 
by each cow on each day of the experimental period 


Pay 

Type 




Group I, 

cow no.: 



Rank 

22 

% 

!8 


182 

290 

190 

Rank 

% 

Rank 

% 

Rank 

% 

1 

Pre-injection 

3.40 

4 

3.41 

3 

3.57 

4 

4.06 

5 

*j 

Injection 

3.28 

3 

3.59 

4 

3.43 

3 

3.78 

3 

3 

Inter-injection 

2.38 

1 

2.41 

o 

2.74 

o 

3.16 

2 

4 

Injection 

3.55 

5 

3.87 

6 

3.60 

5 

3.95 

4 

5 

Post-injection 

2.39 

o 

1.58 

1 

2.20 

1 

1.86 

1 

6 

Post-injection 

3.73 

6 

3.79 

5 

3.95 

6 

4.53 

6 





Group II, 

, cow no.: 




Pay 

Type 

242 

i j 

307 

174 




% 

Rank 

% 

Rank 

% 

Rank 

% 

Rank 

1 

Pre-injection 

3.55 

5 

3.43 

5 

8.79 

5 

3.36 

3 

o 

Pre injection 

3.32 

4 

3.41 

4 

3.54 

3 

3.59 

4 

3 

Injection 

3.27 

3 

3.35 

3 

3.65 

4 

3.63 

5 

4 

Inter injection 

2.15 

n 

2.06 

»> 

2.60 

o 

1.80 

2 

r> 

Injection 

3.87 

6 

3.93 

6 

4.51 

6 

3.97 

6 

6 

Post-injection 

2.08 

1 

1.75 

1 

1.91 

1 

1.28 

1 


cows of Group I and Group II differs from random arrangements, to extents 
that are significant at the 0.01 probability level. A common feature of the 
rank patterns for these two groups of cows is the extreme below-average rank 
of the per cent fat produced on a day immediately following an injection 
day. A contrasting feature, common to both groups, is the above-average 
rank of per cent fat produced on the second injection day. Examination of 
graphs of per cent fat per milking for each cow on each day of the experi¬ 
mental period (fig. 2) indicates the presence of considerable variation in per 
cent fat from milking to milking within a day. 

Sums of the squares of the deviations of the per cent fat of the ten non- 
transitional milkings from the corresponding averages were used to indicate 
the variability in per cent of fat among the pre-injection, injection, and post- 
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TABLE 7 

Measure; of the variability* of the per cent fat of the milk produced on each 
milking {exclusive of the two “transitional” milkings) by each 
cow on each day of the experimental period 


Day 

Type 

Group I, cow no.: 

228 

282 

290 

190 

%* 

Bank 

% 2 

Bank 

%* 

Bank 


Bank 

1 

Pre-injection 

5.77 

6 

14.52 

6 

1.32 

2 


3 

2 

Injection 

2.25 

3 

2.45 

3 

2.04 

4 

0.48 

2 

3 

Inter-injection 

1.84 

2 

2.82 

4 

2.32 

5 

5.43 

5 

4 

Injection 

1.20 

1 

0.90 

1 

1.13 

i 


1 

5 

Post-injection 

2.46 

4 

1.58 

2 

1.54 

3 

2.76 

4 

6 

Post-injection 

5.38 

5 

7.48 

5 

7.10 

6 

24.74 

6 





Group II 

cow no.: 




Day 

Type 

242 

258 

307 

174 



%* 

Bank 

% a 

Bank 

% a 

Bank 

%* 

Bank 

1 

Pre-injection 

2.22 

4 

2.90 

3 

2.37 

4 

5.90 

6 

2 

Pre-injection 

0.80 

1 

2.09 

2 

0.22 

1 

2.32 

3 

3 

Injection 

1.28 

2 

0.72 

1 

1.22 

2 

2.58 

4 

4 

Inter-injection 

1.49 

3 

4.02 

5 

6.15 

5 

1.52 

1 

5 

Injection 

5.72 

6 

5.72 

6 

8.70 

6 

5.42 

5 

6 

Post-injection 

3.50 

5 

2.96 

4 

1.66 

3 

1.70 

2 


* Sums of the squares of the deviations of the per cent fat of the 10 non-transitional 
milkin gs from the corresponding averages were used to indicate the variability in per cent 
of fat. 


TABLE 8 

Total fat produced by each cow each day {exclusive of the two “transitional” 
milking8) during the experimental period 


Day 

Type 

Group I, cow no.: 

228 

282 

290 

190 

lb. 

Bank 

lb. 

Bank 

lb. 

Bank 

lb. 

Bank 

i 

Pre-injection 


3 


3 


3 

0.46 

2 

2 

Injection 

1.15 

4 

1.35 

5 

mrm 

4 

0.48 

3 

3 

Inter-injection 

0.81 

i 

1.00 

2 


2 

0.57 

4 

4 

Injection 

* 1,37 

6 

1.65 

6 

i.ii 

5 

0.72 

6 

5 

Post-injection 

0.95 

2 

0.49 

1 


1 

0.27 

1 

6 

Post-injection 

1.25 

5 

1.31 

4 

1.12 

6 

0.68 

5 



Group II, cow no.: 

Day 

Type 

242 

258 

307 

174 



lb. 

Bank 

lb. 

Bank 

lb. 

Bank 

lb. 

Bank 

1 

Pre-injection 

1.42 

4 * 

1.27 

3 


5 

0.48 

3 

2 

Pre-injection 

1.44 

5 

1.35 

5 

0.94 

4 

0.535 

5 

3 

Injection 

1.39 

3 

1.34 

4 

0.93 

3 

0.627 

4 

4 

Inter-injection 

0.810 

1 

Km 

2 


2 

0.23 

2 

5 

Injection 

1.79 

6 

1.83 

6 

1.23 

6 

0.67 

6 

6 

Post-injection 

0.813 

2 


1 

0.43 

1 

0.16 

1 
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injection days. These measures of variation are presented in table 7 with 
the relative ranks of the six measures for each cow. The pattern of ranks 
for Group I and Group II differs from random arrangements to extents that 
are significant at the 0.01 and 0.05 probability levels, respectively. 

Table 8 gives the total fat produced by each cow in the last ten milkings 
of each day of the experimental period, together with the relative ranks of 
the six figures given for each cow. The pattern of ranks of Groups I and II 
are very similar to the corresponding patterns for per cent fat given in 
table 6. Cessation of injections was followed by a slump in fat production, 
followed by a high on the second day after injection. 

TABLE 9 


Measures of the variability * of the total fat produced on each milking 
(i exclusive of the two “ transitional 99 milkings) by each cow 
on each day of the experimental period 


Day 

Type 



Group I, 

cow no.: 




228 

282 

290 

190 

lb. 2 

Bank 

lb* 

Bank 

lb. 3 

Rank 

lb. 3 

Bank 

1 

Pre-injection 

0.0198 

3 


4 

0.0022 

1 

0.0022 

3 

2 

Injection 

0.0165 

2 

j|: 

1 


3 

0.0007 

2 

3 

Inter-injection 

0.0564 

4 

Bn 3* J 

5 

0.0125 

4 

0.0204 

5 

4 

Injection 

0.0027 

1 


2 


2 

0.0002 

1 

5 

Post-injection 

0.0822 

5 

BEE 

3 


5 

0.0034 

4 

6 

Post-injection 

0.2013 

6 

0.1549 

6 


6 

0.1408 

6 



Group II, cow no.: 

Day 

Type 

242 

258 

307 

174 



lb. 2 

Rank 

lb. a 

Bank 

lb. 3 

Bank 

lb. 2 

Bank 

1 

Pre-injection 

0.0212 

3 


3 


4 

0.00486 

5 

2 

Pre-injection 

0.0266 

4 


2 


5 

0.0033 

4 

3 

Injection 

0.0041 

1 


1 

■Eli] 

1 

0.0007 

1 

4 

Inter-injection 

0.0513 

5 


5 

0.0257 

6 

0.0023 

3 

5 

Injection 

0.0161 

2 


4 

0.0095 

2 

0.00490 

6 

6 

Post-injection 

0.1043 

6 


6 

0.0160 

3 

0.0011 

2 


* Sums of the squares of the deviations of the pounds of fat of the 10 non-transitional 
milkings from the corresponding averages were used to indicate the variability in pounds 
of fat. 


Table 9 gives for total fat the values of the measure of within-day varia¬ 
bility (excluding the two transitional milkings) adopted in connection with 
per cent fat and total milk. In the case of total fat, however, the tendency 
for the variability to be below average on injection days and high on post¬ 
injection days is somewhat better defined than in the case of per cent fat, 
where no common feature presents itself. 

» 

DISCUSSION 

Milking cows normally at 2-hour intervals resulted in extreme milking- 
'to-milking variability in production. These results indicate that the cows 
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were incapable of responding at 2-hour intervals to the normal stimulus of 
milking by a “let-down” of milk. The milking-to-milking variability of pro¬ 
duction was greatly reduced when oxytocin was used to facilitate a “let¬ 
down” 

Conclusions drawn by Ragsdale et al. (8), Garrison and Turner (4), and 
Gasnier et al. (5) may be in error if a “let-down” cannot be elicited at 0.5- 
1-, and 2-hour intervals, as multiples of production obtained at those inter¬ 
vals would not give a true trend of milk secretion over longer periods. The 
first milking on an injection day, with one exception, exceeded the maximum 
production of any of the other milkings of the same day, which indicates that 
all the milk being produced is not removed when cow t s are milked at short 
intervals without the use of oxytocin. 

Turner (11) postulates that the pressure due to the accumulation of milk 
within the lumina of the alveoli becomes sufficiently great to prevent the 
normal excretion of milk by rupture of the cell membrane. At high pres¬ 
sures, only those constituents of milk which are permeable to the cell mem¬ 
branes pass out of the cells into the lumen of the alveolus. The fat globules 
which are in suspension are retained in the cells. According to Turner, this 
theory explains the decrease in the per cent of fat concomitant to a length¬ 
ened milking interval, and the increase in per cent of fat in advanced lacta¬ 
tion and milk strippings. If this theory is correct, the milk produced at 
short milking intervals at a low alveolar pressure should contain a higher 
per cent of fat than milk produced at longer milking intervals. In our 
experiments the per cent of fat, with one exception, was least during the 12- 
time-a-day milking period, when according to Turner’s theory the per cent 
of fat in the milk should have been highest. However, the daily fat produc¬ 
tion was greatest with two exceptions during the 12-time-a-day period as a 
result of an increased flow of milk and not an increase in per cent of fat. 

The data indicate that milk secretion proceeds at a uniform rate when 
cows are milked at 2-hour intervals, which verifies the results obtained by 
Shaw (9). However, at variance with Shaw’s data was an increase in total 
milk and fat production by a more frequent removal of milk. 

SUMMARY 

♦ 

A complete removal of accumulated milk was not obtained at each 2-hour 
milking interval when cows were milked normally, resulting in variable pro¬ 
duction from milking to milking. 

Injections of 101.U. of oxytocin just prior to each 2-hour milking interval 
greatly decreased the milking-to-milking variability of production. 

"When cows were milked 12 times a day, total fat production, with two 
exceptions, was greater than in the pre- and post-experimental periods when 
the eows were milked twice daily. The yield of non-fat milk constituents 
showed an even greater increase, resulting in a lowered percentage of fat,, 
with one exception, during the experimental period. 
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THE AMOUNT OF DDT FOUND IN THE MILK OF COWS 
FOLLOWING SPRAYING 1 

D. E. HOWELL, H. W. CAVE, V. G. HELLER, and W. G. GROSS 
Departments of Entomology, Dairying, and Agricultural Chemistry Research, 
Oklahoma Agricultural Experiment Station, Stillwater 

When it was shown that DDT may be absorbed through the skin of ani¬ 
mals (2, 5) and that animals fed massive doses of this material produced 
milk containing toxic doses of DDT (1, 6, 7), considerable interest was 
created in the possibility that cows sprayed with this insecticide for fly 
control might produce milk containing toxic amounts of DDT. To test this 
hypothesis a cooperative experiment was planned to show the effects of very 
heavy spraying and also the effects of the spraying schedule suggested for 
hornfly control in this area. 

Sixteen cows were selected from the Experiment Station Dairy Herd in 
such a way that no two experimental cows stood side by side. They were 
divided into four lots, each containing two Hoi steins and two Jerseys. Ex¬ 
cept for the spraying, experimental cows were handled in the same manner 
as the regular milking herd. No precautions were taken to prevent the 
animals from obtaining DDT by licking themselves or other test animals. 
The test animals were not segregated from the rest of the herd and were 
pastured, except during milking hours. Milk used as the control was se¬ 
cured from cows stanchioned in another section of the dairy barn. The 
udders of all cows were thoroughly washed before milking with a solution 
containing 200 p.p.m. available chlorine. The entire herd had been sprayed 
with 0.25 per cent DDT 2.5 months preceding the initial experimental 
spraying. 

Lot I was sprayed daily with 2 quarts of 5 per cent water suspensible 
DDT spray per animal and lot II with 2 quarts of'l per cent emulsion. 
(This latter lot was sprayed with 5 per cent emulsion for the first 4 days 
but it became necessary to decrease the concentration to avoid further 
“burning ' 9 by the solvent.) Lots III and IY were sprayed on the same 
day every other week with 2 quarts of 0.25 per cent DDT spray. Material 
for lot III was made of water suspensible powder and that for lot IV of an 
emulsion. All spraying was done with a 3-gallon compressed-air sprayer 
after the evening milking. An attempt was made to cover the entire animal 
each time. Spraying was started July 15 and discontinued August 30. 

Milk samples were taken in the evening directly from the milking ma¬ 
chine and were transferred to the Department of Agricultural Chemistry 
Research, where they were analyzed for DDT content. The samples of milk 

Received for publication June 2, 1947. 

* This work was aided by a grant from the American Cyanamid Company. 
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were stored in a refrigerator and the DDT separated from the milk and con- 
centrated by a slight modification of the method of Schechter et al. (3). 
The color was developed by the procedure set forth by Schechter et al. (4). 
Color densities were determined in the earlier samples by using the Bausch 
and Lomb colorimeter. The later determinations were made with the Cole¬ 
man spectrophotometer at 596 m^. In every case milk free from DDT and 
milk containing known amounts of DDT were run as controls. Samples 
were taken at weekly intervals. 

To obtain a more comprehensive picture of the elimination of DDT 
through the milk, a single animal, no. 17, was sprayed and sampled daily. 
The spray used was composed of 2 quarts of 5 per cent water suspensible 
DDT. This animal was sprayed first on August 10 and sprayed last on 
August 30. 


TABLE 1 


Amounts of DDT appearing in the milk of cows sprayed with DDT 


So. of 
cow 

Breed of 
cow 

Type of DDT 

Cone. 

DDT 

(%> 

Interval 

between 

spraying® 

Max. amt. 
DDT in milk 
in p.p.m. 

Duration of 
DDT elimina¬ 
tion in milk*> 

1 

Jersey 

Wettable powd. 

5.0 

Daily 

20 

126 f 

2 

Holstein 

Wettable powd. 

5.0 

Daily 

18 

21 

3 

Jersey 

Wettable powd. 

5.0 

Daily 

+ 


4 

Holstein 

Wettable powd. 

5.0 

Daily 

+ 


5 

Jersey 

Emulsion 

1.04 

Daily 

19 

56 

6 

Holstein 

Emulsion 

1.04 

Daily 

19 

56 

7 

Jersey 

Emulsion 

1.04 

Daily 

+ 


8 

Holstein 

Emulsion 

1.04 

Daily 

+ 


9 

Jersey 

Wettable powd. 

0.25 

14 days 

1.5 

21 

10 

Holstein 

Wettable powd. 

0.25 

14 days 

Trace 

7 

11 

Jersey 

Wettable powd. 

0.25 

14 days 

+ 


12 

Holstein 

Wettable powd. 

0.25 

14 days 

■f 


13 

J ersey 

Emulsion 

0.25 

14 days 

2.5 

21 

14 

Holstein 

Emulsion 

0.25 

14 days 

0.20 

7 

15 

Jersey 

Emulsion 

0.25 

14 days 

+ 


16 

Holstein 

Emulsion 

0.25 

14 days 

! + 


17 

Jersey 

Wettable powd. c 

5.0 

Daily® 

j ' 33.6 

119* 


* Sprayed from July 15 to August 30. 

b The time in days elapsing between the initial positive analysis and the first negative 

one. 

® Milk from this animal was analyzed daily for DDT. 

4 During the first 4 days these animals were sprayed with 5% DDT but tit then was 
necessary to drop the concentration to 1% to avoid further injury. 

® Sprayed from August 30 to August 30. 
f End of lactation period. 


RESULTS 

Milk samples collected from experimental cows 3 and 10 days after spray¬ 
ing were entirely negative for DDT. All samples taken the seventeenth day 
after spraying was started were positive to qualitative tests, but no quanti¬ 
tative tests were run. 2 The following week quantitative tests indicated that 
2 To reduce the volume of chemical work, milk was analyzed from only one Holstein 
and one Jersey of each lot of cows after it was shown that the milk of all experimental 
animals contained DDT. 
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animals sprayed with 1 per cent emulsion were giving off 18 to 19 p.p.m. of 
DDT in the milk, while those sprayed with 5 per cent wettable powder pro¬ 
duced milk containing 5-12 p.p.m. Animals sprayed with 0.25 per cent 
showed less than 1 p.p.m. The maximum concentration of DDT, 33.6 p.p.m., 
appeared in the milk 20 days after spraying started. At the end of their 
lactation period, 119 and 126 days after the final spraying, two cows still 
were giving off appreciable quantities of DDT. Samples of milk collected 

TABLE 2 


Parts per million of DDT appearing in milk of cow sprayed daily with 
2 quarts of 5 per cent DDT 


Date 

A UR. 

Sept. 

Oct. 

Nov. 

Dec. 

1 


24.2 

4.0 

3.4 

Trace 

2 


16.9 

3.7 

3.9 

2.1 

3 


11.9 

2.9 


2.7 

4 


14.9 

2.8 

4.6 

2.8 

5 


12.6 

2.6 

4.0 

2.1 

6 


11.2 

3.8 

4.2 

2.9 

7 


8.7 

3.1 

3.8 

2.9 

8 


9.4 

2.4 

3.1 

2.8 

9 


7.5 

3.3 

3.4 

2.8 

10 


7.0 

1.8 

4.8 

2.8 

11 


6.0 

3.3 

4.2 

3.0 

12 


8.1 

2.1 

5.0 

2.6 

13 


3.2 

1.9 

3.0 


14 


7.5 

1.7 

4.6 


15 



2.3 

3.6 


16 

2.0 

5.4 

2.5 

3.1 

1.8 

17 

3.0 

7.8 

1.3 

3.9 


18 

2.9 

4.6 

1.8 

2.0 


19 

2.9 

4.2 

1.2 

1.2 

1.3 

20 ‘ 

10.1 

2.1 

1.1 

2.0 


21 

8.5 

2.9 

1.1 

3.0 


22 

15.0 

2.8 

1.4 

3.2 


23 

6.3 

2.2 

1.7 

2.7 


24 

8.1 

3.1 

1.4 

2.6 


25 

11.6 

2.9 

2.0 

3.8 


26 

8.4 

2.6 

1.0 

4.3 


27 

8.0 

3.4 

2.5 

4.1 


28 

5.3 

3.0 

3.2 

3.5 


29 

18.5 * 

4.4 

2.7 

2.7 


30 

33.6» 

3.5 

2.2 

1,8 


31 

1 24.0 


0.9 




• Spraying discontinued. 


from one cow immediately after calving and 24, 48, 72, and 168 hours later 
were negative for DDT. 3 Under the conditions of the experiment, the milk 
produced by Jerseys generally contained more DDT than that of the Hol- 
steins. The details of this experiment are shown in table 1. 

Table 2 shows the results of the detailed experiment involving a single 
cow sprayed and sampled daily. Six days after the initial spraying, 2 p.p.m. 
of DDT were found in the milk. Two weeks later 33.6 p.p.m. were found. 

* This animal calved 217 days after her last spraying. 
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While spraying was in progress, analyses varied widely, perhaps due to con¬ 
tamination. After spraying was stopped, results were more uniform. More 
DDT appeared in the milk during the third month after spraying was 
stopped than during the second month. 

BIOLOGICAL TESTS 

Milk from test cows showing the highest quantity of DDT was fed to 12 
young mice. They were forced to consume as much as possible by mixing 
all food with the milk and supplying this milk as the only liquid to drink 
for a period of 4 months. No demonstrable differences were noted in the 
test mice or their progeny when compared with control mice fed in a similar 
manner using normal milk. 

Third instar larvae of mosquitoes, Aedes aegypti (Linn.) and Culex 
quinquifasciatus Say, were placed in dilutions of milk from cow no. 17 when 
it was showing the largest amounts of DDT. Larvae in both check and test 
milk were unable to live unless the concentration of milk was reduced below 
50 per cent. Below this point larvae developed normally in both test and 
check series, and no evidence of DDT toxicity was noted. In addition, 
known amounts of DDT in acetone were added to milk diluted to half 
strength with water. The mixture then was homogenized to decrease the 
smothering effect due to the cream. No toxicity to larvae wnoted in 
mixtures containing below 20 p.p.m. while above 50 p.p.m., all larvae were 
killed. In water, less than 0.1 p.p.m. kills all mosquito larvae. Little dif¬ 
ference was noted in the susceptibility of Aedes aegypti and Culex quinqui¬ 
fasciatus. 

Milk from cow no. 17 was supplied to cages of flies and mortality determi¬ 
nations were made after 72 hours. The death rates in the check cages were 
slightly higher than in the control lot, but no typical symptoms of DDT 
poisoning were found. Flies fed milk to which 50 p.p.m. DDT had been 
added lived slightly longer than flies from the same lot fed untreated milk. 

DISCUSSION 

Since it was the purpose of these experiments to demonstrate the amount 
of DDT that might appear in the milk of cows as the result of spraying, no 
precautions were taken to prevent the cows from licking themselves or other 
test animals. The data accumulated suggest that very small amounts of 
DDT may appear in the milk even though minimum spray schedules are 
followed. If very heavy applications are used', as much as 33.6 p.p.m. may 
be found in the milk at times. However, biological tests with mice, mosquito 
larvae, and flies suggest that even maximum amounts do not cause appreci¬ 
able toxicity. When large quantities are used, DDT apparently is stored 
in the cow’s body and eliminated in the milk for extended periods. 

Biological tests .have failed to demonstrate toxicity in milk from cattle 
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sprayed with DDT, even though they were treated with many times the 
amount that normally would be used for arthropod control. Excessive 
amounts of emulsion caused irritation, but no injury was noted in cattle 
sprayed with the same concentration of wettable powder DDT spray. 

summary 

Pour lots of cattle were sprayed with DDT to determine the amount of 
this material that may appear in the milk following recommended and 
excessive treatment. 

All animals tested excreted some DDT in the milk. 

Animals sprayed with excessive amounts continued to eliminate DDT 
until the end of their lactation period, 119 and 126 days after the final 
spraying, but none after freshening. 

Biological tests for toxicity of the milk to mice, mosquito larvae, and 
flies were negative. 
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THE EFFICIENCY OF THE FARM-SIZE MECHANICAL 
SEPARATOR IN WITHHOLDING EXTRANEOUS 
MATTER FROM CREAM 12 

T. J. CLAYDON 

Kansas Agricultural Experiment Station, Manhattan 

The problem of extraneous matter in farm-separated cream is becoming 
increasingly important. In order to develop effective control measures, 
information is needed on the amount of contamination, occurring at the 
various stages of production and marketing of cream. The possible sources 
of contamination of milt are fairly well established. The first stage of 
study on sources of sediment contained in cream when it arrives at the 
creamery would seem to be as the cream conies from the separator. The 
centrifugal action of the mechanical cream separator bowl together with 
the accumulation of separator slime during the separation process raised 
the question regarding the efficacy of the separator as a means of removing 
extraneous matter from cream during the separation process. The ques¬ 
tion also arises as to whether the mechanical cream separator will remove 
some types of material and not others. The amount of sediment found 
in cream as it comes from the separator will indicate whether primary 
emphasis should be placed on production practices prior to separation or 
on later stages of handling, if cream relatively free from sediment is to 
be obtained. 

Boxell (1) has reported that cream obtained by mechanical separation 
on the farm had a lower sediment content on arrival at the creamery than 
did cream obtained by other methods. Experimental trials by the Re¬ 
search Committee of the American Butter Institute (5), in which split 
lots of the same milk were separated by mechanical separation, water dilu¬ 
tion, and hand skimming, showed that the cream obtained by the different 
methods gave sediment tests scoring 1, 2, and 2 f, respectively, by the 
American Butter Institute cream sediment standard (1946). In spite of 
the long-time extensive use of mechanical cream separators on farms and 
the relatively long existence of the sediment problem in cream, no other 
published experimental data pertinent to the problem have been found. 

Differences of opinion on the subject are indicated by the fact that a 
representative of one of the large manufacturers of cream separators (4) 
stated that the mechanical cream separator should not be expected to be an 
effective means of removing extraneous matter from cream. On the other 
hand, Judkins and Mack (3), in listing the advantages of the farm-size 

Received for publication Juno 9, 1947. 
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mechanical separator, state in their textbook that the cream is free from 
dirt because the separator acts as a clarifier. The objectives of the experi¬ 
ments herein reported were to determine the effectiveness of mechanical 
cream separation in preventing sediment in the milk from entering the 
cream under varying conditions and with different kinds of extraneous 
matter. 

METHODS 

In the laboratory trials two makes of farm-size, power-driven separa¬ 
tors were used; one had a capacity of 800 lb. per hour and the other of 
750 lb. per hour. The separators were washed, assembled, and flushed with 
warm water immediately prior to each use except in trials otherwise speci¬ 
fied. Approximately 40 lb. of whole milk were used for most trials, since 
this amount was considered about average for Kansas cream-producing 
farms. Occasionally, larger quantities were separated as indicated. The 
milk was warmed to about 100° F., sampled for sediment testing, and 
separated. The milk sample was not taken in the customary off-the-bottom 
manner used on receiving platforms, but was obtained by stirring thor¬ 
oughly and taking a pint sample. Where considerable farm contamination 
was present, no additional material was added to the milk; but when the 
milk was relatively clean, various amounts of dust, soil, manure, and com¬ 
binations thereof were added prior to separation. One quart of sediment- 
free water was used to flush the separator bowl after separation was com¬ 
pleted, by pouring the water into the supply tank. In some of the trials 
the flush water from the cream spout was collected separately, not being 
allowed to enter the cream. Slightly over 4 pints of cream and about 
one-half pint of cream flush were obtained from each separation. After 
separation, the separator parts were examined to determine where the 
extraneous material was lodged. With a few exceptions, sediment tests 
were made on 2 ounces, 1 pint, and 3 pints of the mix,ed cream, and on the 
cream flush when the latter was collected separately. The 2-ounce quantity 
was used since it is the one commonly tested in cream stations and is the 
amount upon which the American Butter Institute cream sediment stand¬ 
ards (1946) are based. The 1-pint quantity was used because \t is the 
amount often employed in plant tests and regulatory examinations. The 
3-pint quantity represented most of the remaining cream from 40 lb. of 
milk and permitted a more critical evaluation of the amount of sediment 
in the cream. Standard 1£" lintine sediment test discs were used with a 
laboratory suction filtering device. Since the cream was sweet, only warm 
water was required to assist filtering. Sediment pads were examined both 
with and without the wide field microscope and scored according to the 
following modification of the American Butter Institute cream sediment 
standards, using plus or minus signs to indicate variations. 
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American Butter Institute cream sediment score: 1:2:3 : 

Corresponding scores used in this study : 1, 2, 3 : 4, 5, 6 : 7, 8, 9 : 

To determine the situation under field conditions, samples were ob¬ 
tained at five cream-producing farms. In these farm trials the separator 
was prepared and operated by the producer. The milk was sampled from 
the separator supply tank into which it usually was strained. Two-ounce 
and 1-pint samples of the mixed cream were obtained for sediment testing. 
The flushing was done by the producer in his usual manner. Both milk 
and cream samples were sediment tested on the farm with one of the com¬ 
mon types of cream sediment testers, warmed filtered water from the labo¬ 
ratory being used on the cream. Generally, the water used for flushing 
also was tested for sediment. Information was obtained relative to the 
age and general condition of the separator and the amount of milk sepa- 

TABLE 1 


Efficiency of the farm-size mechanical separator in withholding extraneous matter 

from cream 

(Laboratory trials with the cream flush collected separately) 


Trial 

Lb. 

milk 

used 

Material 
added 
to milk , 

Sediment score 

Whole 

milk 

Cream 

Cream 

flush 

1 pint 

2 oz. 

1 pint 

3 pints 

i pint 

1 

40 

None 

8 



5 

4 

2 

40 

None 

5 

i 

1 

3 

3 

3 

250 

‘None 

9 

1 

1 



4 

350 

None 

9 


3 


3 

5 

600 

None 

4 

1 

1 

2 

2 

6 

40 

0.1 g. road 








dust 

7 


4 

5 

2 

7 

40 

0.1 g. road 








dust 

7 

1 

1 

3 

4 

8 

40 

0.15 g. dry 








manure 

14* 


5 

11* 

8 

9 

40 

0.05* g. dry 








manure 

9 



5 

6 

10 

40 

0.2 g. fresh 








manure 

8 

1 . 

2 

5 

3 

lit 

40 

0.2 g. fresh 








manure 

8 

1 

2 

5 

5 

12* 

40 

0.2 g. fresh 








manure 

8 

2 

5 

5 

5 

13 

40 

0.1 g. soil 

9 

1 

2 

3 

5 

141 

40 

0.1 g. soil 

11* 

3 

3 

5 

7 

15* 

40 

0.1 g. soil 

12* 

3 

5 

7 

7 

Approx. 

av. score 


9- 

■njH 


5 

5 — 

Approx. A.B.I. scored . 

mm 

m3 

Dl 

2 

• 2 


* Score approximated. 

t Separator unwashed from previous trial (1 day). 
t Separator unwashed from two previous trials (2 days). 

$ American Butter Institute cream sediment standard (1246). 
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rated. The sediment pads were examined and scored by the method pre¬ 
viously mentioned. 

RESULTS 

Results of laboratory trials in using mechanical separation as a means 
of withholding extraneous matter from cream when various amounts and 
types of material had been added to the milk are shown in table 1. In the 
trials involved, the flush water from the cream spout was collected and 
tested separately. Milk with high sediment scores purposely was used to 


LABORATORY 

SEPARATION 

COURSE SOIL 
ADDED 


LABORATORY 

SEPARATION 

flNE SOIL 
ADDED 


FARM 

SEPARATION 



MILK CREAM CREAM CREAM CREAM 

I PINT 207. I PINT 3 PINTS FLUSH 

Fig. 1. Sediment tests of milk, cream, and cream flush from representative separa¬ 
tion trials. 

evaluate under extreme conditions the efficiency of the mechanical separa¬ 
tion process in withholding extraneous matter. Thirteen lots ha<J a sedi¬ 
ment score equivalent to 3 or more by the American Butter Institute stand¬ 
ard and would have been reject milk on the basis of sediment. The 
approximate average score was 9 - by the modified score used in this study 
and 3 + by the A.B.I. standard. 

When sediment tests were made on the cream, the amount obtained 
from a 2-ounce sample was very small and usually was evident only on close 
macroscopic inspection, the average score being 1 + by the system used in 
this study and 1- by the A.B.I. standard. As would be expected, the 
larger samples had a higher sediment score, the 1-pint samples averaging 
3-(A.B.I. score 1) and the 3-pint samples averaging 5 (A.B.I. score 2). 
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Considering the high sediment content of the milk used in these laboratory 
trials, with the flush water withheld from the cream, the results would seem 
to justify the conclusion that the mechanical separator was relatively 
effective in withholding from cream most of the sediment present in the 
milk. It resulted in cream of acceptable sediment score by prevailing 
standards. Representative results are shown in figure 1. 

The 15 lots of milk involved in these laboratory trials included five 
lots to which no additional extraneous matter was added, two lots to which 
road dust was added, two lots to which dry manure was added, three lots 
to which fresh manure was added, and three lots to which light soil was 
added. Although comparison among trials using the same type of material 
was possible, it was difficult to make comparisons between trials with 
different types of sediment because of the difference in amounts used and 
the variation in size and number of particles involved.. In general, how¬ 
ever, w r hen the added material contained a high proportion of large-sized, 
light weight particles (chaff, dried manure, and leaf fragments), more 
sediment escaped into the cream, while the heavier particles (sand, clay, 
and coal dust) were withheld. 

^ As separator slime accumulates in the bowl, the separator conceivably 
might become less effective in withholding extraneous matter from the 
cream. To investigate this factor, three larger lots of milk (250, 350, and 
600 lb. in trials 3, 4, and 5, respectively) with considerable farm contami¬ 
nation were separated and cream samples were obtained toward the end 
of the separation process. The sediment scores on the cream samples thus 
obtained were not significantly different from those in other trials where 
samples w’ere taken from thoroughly stirred, entire lots of cream obtained 
from the separation of 40-lb. quantities of milk. The large quantities of 
high sediment-content milk used, which would represent the extreme ii» 
volume that might be expected under farm conditions, were not sufficient 
to cause enough accumulation of sludge in the bowl to impair the separator 
efficiency in removing extraneous matter. While cow hairs usually were 
present in the farm-contaminated milk, they rarely were found in the 
cream or cream flush samples tested for sediment. Hairs w r ere found in the 
bowl sludge chamber; in instances where the hair contamination in the 
milk had been heavy, some were found near the cream ports in the lower 
discs. 

To determine whether failure to wash the separator affects its efficiency 
in removing extraneous material, trials were conducted in which the same 
separator was used both clean and unwashed. Equal amounts of milk with 
specific amounts of added contaminating material were used (trials 10 to 
15). After using the clean separator it was left unwashed one day before 
the next trial, and then left unwashed an additional day before using it 
again. Under the conditions of these trials the increases in the sediment 
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scores of the cream samples were not as marked as might be expected. It 
was noted that a slight amount of rust was expelled into the cream after 
the separator had remained unwashed and assembled. Busted spots were 
evident in the machine when it was dismantled. 

As previously mentioned, in the above trials the flush water expelled 
through the cream spout was kept separate from the cream. The sediment 
score of this cream flush was related to the sediment score of the original 
milk and to a lesser extent to the sediment score of the cream. The average 
score of the flush was 5 - (A.B.I. score 2) which was about the same score 
as on 3 pints of cream, although the cream flush involved only about one- 
half pint. Thus, on the basis of comparative volume, the dream flush con¬ 
tained about six times as much'sediment as the cream. 

TABLE 2 

Efficiency of the farm-size mechanical separator in withholding extraneous 

matter from cream 

(Laboratory trials using 40 lb. milk with the cream flush collected in the cream) 



Sediment score 

Trial* 

Whole milk 

Cream 


1 pint 

2 oz. 

1 pint 

3 pints 

1 

7 

1 * 

2 

4 

2 

6 

1 

1 

4 

3, 

6 

1 

2 

5 

4 l 

7 

1 

2 

3 

5 

6 

1 

2 

3 

Approx, av. 

6 + 

1 

2 

4- 

Approx. A.B.I. 





score 

2 + 

1- 

1 

2 — 


* In trials 1, 2, and 3, 0.15 g. of soil-manure mixture was added to each lot of milk. 
In trials 4 and 5 the milk contained only the original contamination. 


In five trials (table 2) in which the cream flush was allowed to enter the 
cream, the average sediment score of 2-ounce samples was 1 (A.B.I. score 
1-), of 1-pint samples it was 2 (A.B.I. score 1), and of 3 pints it was 4- 
(A.B.I. score 2-). These results compare favorably with those ’reported 
in table 1, in which the cream flush was kept separate from the cream, but 
the sediment score of the milk used was uniformly better. Although the 
cream flush apparently was not of sufficient volume to change materially 
the sediment score of the cream, the excessively high sediment content of 
the cream flush as Bhown in table 1 would indicate that withholding it from 
the cream would be of definite advantage in keeping sediment .out of cream. 

Since observations in previous trials had indicated that the separator 
removed most of the cow hairs present in the milk, seven laboratory trials 
were conducted to determine the efficiency of the separator in withholding 
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rodent hairs added to the milk, because of the possibility of this type of 
contamination on the farm (2) (table 3). The degree of contamination of 
the milk and the cream was measured by counting the number of rodent 
hairs found on the sediment pads. The results showed that the separator 
definitely was effective in withholding rodent hairs from the cream, but an 
occasional hair was found in the larger samples, indicating that some may 
escape into the cream. Assuming the number of hairs found in the pint 
samples of milk to be representative, there would be an average of about 
360 hairs in the 40-lb. lots of milk separated. Since practically all the 
cream from each lot of milk was used in the three different sediment tests 

TABLE 3 

Efficiency of the farm-size mechanical separator in withholding rodent hairs from cream 
(Laboratory trials with rodent hairs added to 40 lb. of milk before separating) 


No. of rodent hairs on sediment pads 


Trial 

Whole milk 

Cream 

Cream flush 


1 pint 

2 oz. 

1 pint 

3 pints 

1 pint 


Cream flush collected separately 


1 

22 



1 

0 

o 

6 

0 

0 

0 

1 

3 

8 

0 

• 0 

2 

1 

Av. 

12 

0 

0 

1 

< 1 



Cream flush collected in cream 



4 

6 

0 

1 

1 


f> 

11 

0 

0 

1 


6 

4 

0 

0 

1 


7 

5 

0 

0 

1 


Av. 

6 

0 

<1 

1 



on the cream, it may be concluded that the separator removed better than 
95 per cent of the hairs. In the three trials where the cream flush was kept 
separate from the cream, the -number of hairs in the flush was not markedly 
different from that in the cream. Also, the number of hairs found in 
cream which included the cream flush was little different from that in the 
cream where the flush was held separately. Examination of the interior 
of the separator bowl showed the hairs to be entrapped in the sludge cham¬ 
ber. These results would indicate that rodent hairs found in farm-sepa¬ 
rated cream would consist primarily of contamination after separation. 

The preceding studies of the efficiency of the cream separator in re¬ 
moving various types of extraneous matter were conducted under more ideal 
conditions than generally would be found on the farm. Therefore, eight 
farm trials were made as a check against the laboratory findings. The sepa¬ 
rators were of smaller capacity than those used in the laboratory, and ranged 
from 4 to 8 years of age. In each instance they had been washed since 
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previous use. The milk separated generally was cleaner than that selected 
for use in the laboratory. 

In the farm trials the separator again had a considerable clarifying effect 
on the cream (table 4). In one trial, rodent-type hairs were found in the milk 
but none was found in the cream samples tested. However, the removal of 
sediment in the farm trials was not so complete as in the laboratory trials. 
Considering the better quality of milk involved, this suggests the need for 

TABLE 4 

Efficiency of the farm-size mechanical separator in withholding extraneous 

matter from cream 
(Farm trials) 




Sediment score 

Trial 

Approx, 
lb. milk 

Whole 

milk 

Cream 

Cream 

flush 

Flush 

water 



1 pint 

2 oz. 

3 pint 

4 pint 

1 pint 


Cream flush collected separately 


i 

1 

40 

8 

4 

4 

5 


2 

15 

2 

1 

1 

3 

5 

3 

40 

5 

1 

2 

4 

6 

4 

70 

6 

2 

2 

3 


Approx, av. 

40 

5 + 

2 

2 + 

4 - 

5 + 

Approx. A.B.T. 







score 


2 

1 

1 

o 

o 


Cream flush collected in cream 



5 

45 

6 

o 

5 


7 

fl 

40 

6 

3 

4 


3 

7 

30 

1 

2 

3 


6 

8 

40 

4 

2 

4 


4 

Approx, av. 

40 

4 + 

2 + 

4 , 


5 

Approx. A.B.I. 






- 

score 


2 - 

1 

2 


«> 


careful attention to separating conditions to obtain best results. Thg cream 
flush contained considerably more sediment than the cream portions, con¬ 
sidering the volume involved, but generally less than the cream flush in the 
laboratory trials. The influence of collecting the cream flush in the cream 
was most marked in the pint samples, resulting in about twice as much sedi¬ 
ment as when the flush was withheld. The sediment score on the water used 
for flushing was higher than on the cream and about the same as on the 
original milk. This may have had an influence on the increased sediment 
content of the pint samples when the cream flush was included. ' Neverthe¬ 
less, under farm conditions the cream from the separator was reasonably 
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clean as measured by the sediment test on the commonly used 2-ounce size 
cream samples. 

CONCLUSIONS 

1. Under laboratory conditions and using high sediment content milk, 
cream from farm-size mechanical separators was practically clean as judged 
by present widely used methods of testing, having a no. 1 sediment score or 
better (A.B.I. standard). Even under farm conditions where no special 
precautions were taken, reasonably clean cream was obtained with n6.1 sedi¬ 
ment scores on 2-ounce samples. 

2. In general, when the extraneous matter in the milk contained a high 
proportion of large-sized, light weight particles, more sediment escaped into 
the cream, while the heavier particles were withheld. Cow hairs rarely were 
found in the cream. 

3. The separation of large quantities of milk, which would represent the 
extreme in volume that might be expected under farm conditions, did not 
impair the separator efficiency in removing extraneous matter, even though 
the milk used had a high sediment content. 

4. In the laboratory, failure to wash the separator did not result in as 
marked an increase in the sediment content of the cream as might be 
expected. 

5. The farm-size mechanical separator was very effective in withholding 
rodent hairs from cream. 

6. The cream flush contained proportionately more sediment than the 
cream, which would suggest that withholding it from the cream would be 
a possible measure in reducing sediment. 

7. In the practical control of sediment in cream where mechanical sepa¬ 
rators are used, it would appear that, along with reasonable precautions in 
the separation process, more emphasis should be placed on attention during 
later stages of handling. 
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FROZEN HOMOGENIZED MILK. III. STABILITY OF 
MILK SOLIDS DISTRIBUTION IN FROZEN 
HOMOGENIZED MILK 

0. J. BABCOCK,! CAPT. JOSEPH N. STABILE, SnC, AUS, COL. RAYMOND 
RANDALL, VC, USA, and ERNEST S. WINDHAM 

Veterinary Division, Army Medical Department Desearch and Graduate School, 
Army Medical Center, Washington, D. C. 

Previous studies (1, 3, 4, 5, 7) have shown that freezing and storage 
temperature affect the physical character of homogenized milk. Later 
studies (2, 6) showed that when homogenized milk is frozen, the solid com¬ 
ponents tend to concentrate in the lower portions of the sample. Changes 
in the temperature at which frozen homogenized milk was stored did not, 
however, materially affect the chemical composition of the different sections 
of quart samples. 

The results reported by the authors (2) were based in part on samples 
of homogenized milk frozen and stored under conditions simulating those 
encountered in transferring milk from land storage to storage on hospital 
ships. The results obtained on the chemical analysis of some of the indi¬ 
vidual samples indicated that the chemical constituents may continue to 
shift after the milk is frozen. Since the literature does not contain informa¬ 
tion regarding the movement of the chemical constituents in frozen homogen¬ 
ized milk, the present study was undertaken to determine whether or not the 
solid constituents do continue to shift after the milk is frozen. 

PROCEDURE 

Four groups of homogenized milk samples with a fat content of 3.8 per 
cent and packaged in quart paper containers by a commercial dairy in Wash¬ 
ington, D. C., were frozen at -11.5° C., -17.8° - 27.5° C., and - 36° C. 

and held at these respective temperatures until they were removed for chem¬ 
ical examinations. The temperature of storage remained constant for all 
groups except one. Within 3 days after the milk was placed in storage at 
-17.8° C., the temperature rose to -16.7° C., and for the next 10 days it 
varied from -16.7 to -15.0° C. Furthermore, during the entire storage 
period there were times when the temperature rose as high as -12.2° C. To 
insure that initial freezing had taken place, a sample of each group was 
removed at the end of the third day. Subsequent samples were removed at 
10-day intervals. All samples were divided, while frozen, into two equal 
halves and allowed to thaw at room temperature. Both the top and bottom 
sections were analyzed for protein, fat, total solids, lactose, and chlorides by 
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TABLE 1 

Chemical analyses of different sections of homogenized milk frozen and held 
at constant temperatures 


Stor¬ 

age 

time 

(days) 

% protein 
(NX 6.38) 

% fat 

% total solids 

% lactose 

c /o chlorides 

Top 

mm 



Top 

Bottom 

Top 

Bottom 

Top 

Bottom 




A 

Frozen 

and held at -11.5° C. 




3* 

2.74 

3.91 

2.85 

3.94 

10.06 


3.94 

5.38 

0.084 

0.116 

13 

2.54 

4.17 

2.64 

4.15 

9.21 

14.94 

3.56 

5.71 

0.077 

0.123 

. 25 

2.98 

4.22 

2.80 

4.24 

9.28 


3.54 

5.86 

0.076 

0.124 

# 34 

2.69 

3.97 

2.87 


9.95 

14.38 

4.01 

5.67 

0.083 

0.118 

43 

2.66 

3.92 

2.78 

3.85 

9.68 

14.04 

3.84 

5.44 

0.090 

.0.115 

54 

2.45 

4.22 

2.59 

4.22 

8.78 


3.33 

5.78 

0.073 

0.124 

64 

2.50 

4.25 

2.61 

4.19 

8.95 

14.98 

3.53 

5.82 

0.072 

0.121 

74 

2.49 

4.25 

2.56 

4.18 

8.78 

14.95 

3.41 

5.72 

0.070 

0.122 

84 

2.50 

4.30 

2.55 


8.89 

15.11 

3.46 

5.93 

0.074 

0.123 

96 

2.46 

4.25 

2.55 

4.15 

8.79 

15.01 

3.59 

5.99 

0.072 

0.123 

104 

2.43 

4.17 

2.54 


8.88 

14.83 

3.55 

5.86 

0.072 

0.120 

113 

2.57 


2.62 

3.95 

9.36 

14.66 

3.64 

5.63 

0.075 

0.118 


B. Frozen and held at - 17.8° C. 


3* 

2.75 

3.96 

1 3.00 

4.21 

K :3 

14.41 

3.83 

5.61 

0.077 

0.114 

13 

2.81 

3.89 

K1T»rl 

4.15 

Ml 


3.92 

5.51 

0.081 

0.312 

23 

2.75 

3.99 

2.98 


|> <1 

14.68 

3.78 

5.65 

0.078 

0.115 

34 

2.73 

3.95 

2.98 

4.22 

■ 

14.61 

3.77 

5.61 

0.079 

0.114 

43 

2.68 

4.00 

2.91 

4.35 

K ill 

14.74 

3.75 

5.66 

0.078 

0.116 

52 

2.79 

3.94 

3.04 

4.17 

10.18 

14.36 

3.83 

5.52 

0.081 

0.114 

63 

2.83 

3.93 

2.99 

4.15 

10.29 

14.43 

3.90 

5.51 

0.081 

0.112 

73 

2.78 

3.96 


4.17 

WSBE 1 

14.42 

3.94 

5.61 

0.081 

0.113 

83 

2.66 

4.07 

2.88 

4.23 

9.73 

14.65 

3.70 

5.79 

0.077 

0.145 

93 

2.69 

4.04 

2.92 

4.20 

9.82 

14.81 

3.83 

5.75 

0.075 

0.115 

103 

2.78 

3.63 

2.87 

3.72 


15.07 

3.79 

5.88 

0.077 

0.138 




C. 

Frozen 

and held at -27 

.5° c. 




3* 

2.88 

3.98 

2.96 


10.23 

14.47 

3.96 

5.73 

0.082 

0.112 

13 

2.76 

4.04 

2.88 


9.89 


3.67 

5.84 

0.077 

0.316 

25 

2.57 

3.88 

3.14 

3.96 

10.93 

13.99 

4.26 

5.37 

0.097 

0.112 

34 

2.98 

3.74 

3.13 

3.88 

10.91 

13.69 

4.23 

5.40 

0.092 

0.112 

43 

2.85 

3.94 

2.94 


■EMI 

14.52 

3.85 

5.84 

0.079 

0.126 

54 

2.97 

3.89. 

EMI 


10.74 

13.87 

4.14 

5.31 

0.090 

0.113 

64 

3.05 

3.86 

3.15 

3.87 

10.64 

13.90 

4.07 

5.45 

0.082 

0.139 

74 

3.01 

3.87 

3.06 

3.88 

10.68 

13.70 

4.08 

5.35 

0.089 

0.112 

84 

3.05 

4.04 

3.09 

3.91 

10.87 

13.74 

4.27 

5.32 

0.091 

0.112 

96 

2.99 

3.88 

K Ijlj* 

•3.91 

10.63 

13.88 

4.02 

5.30 

0.089 

0.113 

104 

3.04 

3.85 


3.86 

10.87 

13.65 

4.35 

5.37 

0.092 

! 0.112 

113 

2.96 

3.86 


3.92 

10.38 


3.79 

5.47 

0.081 

0.120 

123 

2.85 


2.93 


EEMS 

14.41 

3.88 

5.90 

0.081 

0.121 

133 

3.01 

3.86 

3.07 

3.92 

10.53 

13.71 

3.96 

5.40 

0.087 

0.111 

144 

2.98 

3.83 

3.11 

3.89 

10,51 

13.89 

4.05 

5.60 

0.084 

0.120 

154 

2.74 

3.98 

2.89 

4.06 

9.83 

14.48 

3.78 

5.97 

0.078 

0.124 


D. Frozen and held at - 36° C. 


3* 

2.97 

3.94 

3.21 

4.20 

10.84 

14.35 

4.07 

5.46 

0.086 

0 . 10 ? 

13 

2.88 

3.92 

3.16 

4.19 

10.80 

14.34 

4.06 

5.50 

0.085 

0.112 

24 

2.91 

3.88 

3.19 

4.17 

10.73 

14.37 

4.11 

5.56 

0.085 

0.112 

33 

2.87 

3.89 

3.11 

4.16 

10.54 

14.32 

4.07 

5.49 

0.085 

0.112 

42 

2.94 

3.86 

3.16 

4.01 

10.83 

14.21 

4.14 

5.40 

9.080 

0.110 

53 

2.93 

3.88 

3.13 

4.12 

10.75 

14.24 

4.08 

5.42 

0.086 

0.113 

63 

2.78 

3.97 

3.02 

4.24 

10.35 

14.68 

4.09 

5.68 

0.085 

0.110 

73t 

2.93 

3.92 

3.17 

4.19 

10.67 

14.40 

3.99 

5.41 

0.087 

o.na 


♦Initial. 

t Mechanical failure of deep freezer occurred shortly after the 73rd day. 
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methods described in a previous report (2). After the samples had thawed, 
they were preserved by adding 1 ml. of formalin. 

EXPERIMENTAL RESULTS 

When homogenized milk was frozen and held at constant temperatures, 
i.c., -11.5, -27.5, and -36.0° C., and at approximately -17.8° C., the con¬ 
centration of milk solids was greater in the bottom section of the quart con¬ 
tainer than it was in the top section. The quantity of milk solids found in 
the top section ranged from 2.43 to 3.05 per cent protein, 2.54 to 3.21 per 
cent fat, 8.78 to 10.93 per cent total solids, 3.33 to 4.35 per cent lactose, and 
0.070 to 0.097 per cent chlorides. In the bottom section the milk solids 
ranged from 3.63 to 4.30 per cent protein, 3.72 to 4.35 per cent fat, 13.65 to 
15.11 per cent total solids, 5.30 to 5.99 per cent lactose, and 0.108 to 0.126 per 
cent chlorides. 

After the milk was initially frozen, the quantity of each of the solid con¬ 
stituents found in the top and bottom sections remained practically constant 
(table 1). When the milk was frozen and held at -11.5° C., the greatest dif¬ 
ferences between the initial analysis and any subsequent analysis of the top 
and bottom sections, respectively, were as follows: protein, 0.31 and 0.39; 
fat, 0.31 and 0.30; total solids, 1.28 and 1.08; lactose, 0.61 and 0.61; and 
chlorides, 0.014 and 0.008. When the milk was frozen and held at approxi¬ 
mately -17.8° C., the greatest differences were: protein, 0.09 and 0.33; fat, 
0.13 and 0.49; total solids, 0.28 and 0.66; lactose, 0.13 and 0.27; and chlorides 
0.004 and 0.004 for the top and bottom sections respectively. When the milk 
was frozen and held at -27.5° C., these differences were: protein, 0.31 and 
0.24; fat, 0.19 and 0.15; total solids, 0.70 and 0.82; lactose, 0.39 and 0.43; 
and chlorides, 0.015 and 0.014. With milk frozen and held at -36.0° C., 
the differences in the solid constituents were: protein, 0.19 and 0.08; fat, 0.19 
and 0.19; total solids, 0.49 and 0.33; lactose, 0.08 and 0.22; and chlorides, 
0.001 and 0.008. 

These differences from the initial analyses did not progressively increase 
or decrease with an increase in the storage time. This shows that the milk 
solids did not continue to shift after the initial freezing of the milk and that 
these slight differences may be attributed to experimental error in dividing 
the frozen sample into top and bottom sections or in some instances to the 
fact that the milk had separated to such an extent that it was impossible to 
obtain a representative sample. 

It further can be determined from table 1 that after the milk was frozen 
initially, the quantity of each of the solid constituents found in the top and 
bottom sections was in close agreement with the average analysis (based on 
analyses made after different storage periods). The difference between the 
average and the initial analyses ranged from 0 to 0.16 and from 0.02 to 0.24 
for the protein, from 0.03 to 0.19 and from 0.04 to 0.15 for the fat, from 
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0.02 to 0.84 and from 0.01 to 0.73 for the total solids, from 0.01 to 0.32 and 
from 0.03 to 0.35 for the lactose, and from 0 to 0.007 and from 0 to 0.005 for 
the chlorides in the top and bottom sections, respectively. This close agree¬ 
ment also shows that the milk solids did not continue to shift after the initial 
freezing of the milk. 

CONCLUSION 

When homogenized milk was frozen, the concentration of the milk solids 
in the lower portion of the sample took place during the freezing process and 
apparently there was no further movement of these solids after the milk 
was frozen. 

The authors wish to express their appreciation to Edith May Giltiler and 
Elmina Faulkner for their assistance with the analytical determinations. 
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THE UTILIZATION OF THE MINERAL-ION EXCHANGE 
PRINCIPLE IN STABILIZING EVAPORATED MILK 

D. V. JOSEPHSON and C. B. BEEVES 
Department of Dairy Technology, Ohio State University , Columbus 

Prior to the classic works of Sommer and Hart (4, 5, 6) the problem of 
heat coagulation in evaporated milk was little understood. These workers 
demonstrated the importance of salt relationships in the mechanism of the 
heat stability of this product and, supported by extensive investigations, 
presented the well-known “salt balance" theory of protein stability. This 
theory was based on an assumption that a delicate balance'exists between 
calcium and magnesium ions, on the one hand, and citrates and phosphates 
on the other. An unbalanced system, one way or the other, would cause 
coagulation during sterilization. These investigators further demonstrated 
the importance of an optimum calcium-casein balance and suggested that 
the rest of the calcium was associated with citrates and phosphates. Their 
work, as well as commercial practice in recent years, has demonstrated that 
instability in evaporated milk almost invariably is due to an excess of 
calcium and magnesium. 

The use of stabilizing salts has been a standard practice in evaporated 
milk manufacture for many years. Many investigators have studied the 
stabilizing effects of many salts, particularly sodium citrate and disodium 
phosphate (1, 5, 6, 7). For the most part, the industry today employs di¬ 
sodium phosphate to control the heat stability of evaporated milk, a practice 
which has been necessary for the successful year-around manufacture of 
the product. 

In 1933 Lyman et al. (3) reported that salt readjustments could be made 
in milk by treating the product with suitable base exchange silicates. Later, 
Lyman (2) was issued a patent on the use of this process in producing soft 
curd milk. The method called for the removal of a part of the calcium and 
phosphorus from milk by means of a base exchange process which consisted 
of a filter bed of synthetic zeolite sand acting in the sodium cycle. 

Since the instability of evaporated milk during sterilization is due pri¬ 
marily to an excess of calcium and magnesium ions, it appeared logical that 
some system employing the ionic exchange principle might be applied to 

Becehed for publication June 2, 1947. 
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the problem of stabilizing this product. Such an investigation was under¬ 
taken and carried out over a period of 1 year. 

EXPERIMENTAL PROCEDURE 

Since excess calcium and magnesium ions primarily are responsible for 
the instability of milk proteins during the sterilization of evaporated milk, 
the need for a cationic type of exchanger with a high degree of specificity 
for polyvalent cations is obvious. The exchanger used in the investigation 
was a resinous type known as Amberlite IR—100. Preliminary trials 
demonstrated that other cation exchangers, such as the carbonaceous type, 
might have been used with equivalent success. When acting in the sodium 
cycle, these exchangers effect an efficient removal of calcium and magnesium 
from milk without materially affecting the anion concentration. 

In processing the milk by the above mineral-ion exchange process, here¬ 
after called the M.I.E. process, several variations were investigated. Both 
raw whole milks and skim milks were treated and employed in the evaporated 
milk experiments. Mechanical and technical difficulties resulting in the 
loss of butterfat in the filter beds made the treatment of skim milk the more 
effective and practical procedure. After several exploratory trials, the 
advantage of using a dried M.I.E.-treated skim milk was demonstrated, and 
most of the later trials were conducted with this material. 

In passing milk through the cation exchanger, about 60 per cent of the 
calcium was removed. When dried by the spray process, the resulting 
powder was white, fluffy, and very soluble in water. 

In this particular exchange process the pH of the milk was increased to 
approximately 8.0. In some cases the pH was adjusted back to 6.6 by means 
of a hydrogen exchanger so that a comparison of the effectiveness of these 
products could be made in evaporated milk. 

The M.I.E.-treated milks were employed in (a) fluid, (b) concentrated 
(26.2 per cent total solids), and (c) powdered forms, and were added either 
to the fluid untreated milk before forewarming or to the concentrated milk 
prior to filling and sterilizing. All evaporated milks were standardized 
to 26.2 per cent total solids with fat-to-total solids ratio of 1 to 3.3. 

Since the amount of “correction” of the salt equilibrium (removal of 
excess calcium) was very slight in most milks, only a small percentage of 
the fluid required treatment to produce optimum stability during steriliza¬ 
tion. When the bulk lots of fluid or concentrated milk were treated with 
various percentages of M.I.E.-processed milk, this percentage was calculated 
and expressed as “per cent of treated milk added”. In other words, a 
1,000 lb. batch of fluid milk (or equivalent) testing 12.7 per cent total 
solids required the addition of 10 lb. of M.I.E.-treated fluid or about 1.3 lb. 
of M.I.E.-treated powder to effect a 1 per cent treatment of the untreated 
fluid or concentrate. 
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When additions of M.I.B.-treated fluid, concentrate, or powder were 
made at the hot well before forewarming, these additions were so made as to 
permit expressing the treatment on a fluid-fluid basis. Where concentrated 
M.I.E.-treated milk was used in treating untreated concentrated milk before 
filling and sterilizing, both concentrates were standardized to the same total 
solids content (26.2 per cent) and subsequently combined in various ratios. 
When the M.I.E-treated powders were employed in experiments with con¬ 
centrated milk, the powder was first reconstituted to 26.2 per cent total 
solids and then combined with the untreated product on a concentrate- 
concentrate basis. 

The fluid milks used in these experiments were taken from supply tanks 
containing .about 20,000 lb. of average mixed milk. The initial experiments 
were conducted during the months of January to May, when milk is most 
unstable to heat. 

All milks were forewarmed at 203° P. for 15 minutes with direct steam 
prior to condensing. The concentrated product was homogenized at 3,000 
lb. per square inch in a Cherry-Burrell Viscolizer and then pumped over 
a surface cooler and cooled to about 40° P. After testing and standardiz¬ 
ing to 26.2 per cent total solids, the product was canned in standard 14.5- 
ounce cans, sealed, and sterilized at 240° P. for 15 minutes in a case-size 
(45-can) Port Wayne laboratory sterilizer. After cooling with cold water, 
the cans were removed for immediate examination and subsequent storage. 
In all experiments a sufficient number of cans of each type of treatment 
were prepared so that storage studies could be continued for 1 year. 

In order to evaluate the M.I.E. treatment in terms of salt additions of 
comparable effectiveness, a number of direct comparisons were made. This 
necessitated the conducting of pilot trials on untreated concentrated milk to 
determine the optimum amount of stabilizing salt required to effect optimum 
stability during sterilization. Disodium phosphate (Na 2 HP0 4 * H 2 0) was 
used as the stabilizing salt in all of these trials and is expressed in the con¬ 
ventional ‘‘ounces of salt per 1,000 lb. of concentrated milk” basis. 

After sterilization and during storage at room temperature, the evapo¬ 
rated milks were examined for color, body, viscosity, pH, flavor, and butter- 
fat separation. During storage the cans were not turned and samples were 
examined after 1, 2, and 4 weeks of storage. Subsequent examinations were 
made after 2, 4, 8, and, in some cases, 12 months of storage. 

EXPERIMENTAL RESULTS 

In the course of these investigations 16 separate experiments were con¬ 
ducted, several of the early trials being of an exploratory nature. 

The first two trials involved the addition of concentrated M.I.E.-treated 
milk to the untreated concentrated milk before sterilization. Whereas the 
batches of concentrated milk in these two trials required 7.3 and 15.7 ounces, 
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respectively, of disodium phosphate to produce optimum stability in the 
product, the addition of 2.5 and 6.0 per cent, respectively, of the M.I.E.- 
treated concentrate produced comparable results. Viscosity, body, pH, and 
flavor characteristics of the evaporated milks made by the two methods were 
very similar and compared favorably with the commercially available 
products. 

Fluid Versus Concentrate Treatments 


TABLE 1 

A comparison of the stability of evaporated milks made with M.l.E. treatments in the 
hot well and after concentration (random trial) 





24 hr. after sterilization 


Sample 

no. 

Type of treatment 

pH 

Viscosity, 
Borden-flow- 
meter (see. 
at 60° F.) # 

Body 

Color 

Flavor 

1 

Control, untreated 

6.28 

T.V.t 

Curdy 

Grainy 

Normal 


2 

Control, salt-cor¬ 
rected X 

6.34 

T.V. 

Smooth 

Heavy 

Normal 

Normal 

3 

2.5% M.I.E.-treated 
fluid} 

6.35 

181 

Smooth 

Normal 

Normal 

4 

5.0% M.I.E.-treated 
fluid 

6.38 

119 

Thin 

Normal 

Normal 

5 

2.5% M.I.E.-treated 
concentrate^ 

6.33 

T.V. 

Heavy 

SI. grainy 

Normal 

Normal 

6 

5.0% M.I.E.-treated 
concentrate 

6.37 

586 

Heavy 

Smooth 

Normal 

Normal 


* A viscosity between 250 and 400 seconds whs considered ideal 24 hr. after sterili¬ 
zation. 

t T.V., too viscous to measure with Borden-flow-meter. Viscosities over 600 seconds 
are not dependable. 

X 15.7 ounces (per 1,000 lb. evaporated milk) disodium phosphate required for stabil¬ 
ity correction. 

} Percentage of treatment made at hot well before forewarming. 

f Percentage of treatment made in concentrate before sterilizing. 

The data presented in table 1 were taken from a representative trial in 
this series. The viscosity and body data show that only the equivalent of 
2.5 per cent of the milk need be treated to correct the protein instability 
(requiring 15.7 ounces of disodiunl phosphate per 1,000 lb.) if the treated 
product is added to and forewarmed with the untreated milk. On the other 
hand, a 5.0 per cent (equivalent) treatment was required when the treated 
and untreated concentrates were combined just before sterilizing. In some 
of the other trials this difference was not so pronounced, and in one trial 
little difference was observed. Nevertheless, this series of trials showed a 
definite over-all advantage for the hot well treatment. 

Evaporated milk frequently exhibits a very heavy or ‘‘ livery ” body after 
sterilization, but if not “grainy” the product “shakes out” into a smooth, 









i-Mi EVAPORATED MILK 


741 


desirable ptoducv. xu i\us p&rticulftT txi&l (t&blfi 1) the control salt-cor- 
retted produetbecame thinner on storage and maintained desirable body 
eimraetenst.es for 1 year. The MlJUreated prrfaen, in tbi. trial ,.rii 
considerably in this respect because of the range of treatments. AW M.I.E.- 


treated products except sample 5 were highly satisfactory evaporated milks. 
The 2.5 and 5.0 per cent treatments of the fluid milk (samples 3 and 4) at 
the hot well were somewhat more than would have been needed for ideal 
body characteristics. On the other hand, in the concentrate-treated samples 
(nos. 5 and 6), 2.5 per cent was insufficient to produce stability, as is evi¬ 
denced by the grainy body. A 5.0 per cent treatment of the concentrate 
gave excellent results, and after 1 year in storage the quality of this sample 
was superior to any other in this experiment. 


The Use of M.I.E. Milk Powder 

As previously stated, the treatment of raw whole milk by the M.I.E. 
process was considered impractical because of mechanical difficulties in proc¬ 
essing. Furthermore, there was no advantage in having the butterfat 
present during treatment, and in the powdered M.I.E. product the butter- 
fat was additional bulk. Therefore, the last nine experiments were con¬ 
ducted employing M.I.E.-treated fluid, concentrate, and powdered skim 
milk products as stabilizing treatments for evaporated milk. Since the 
powdered products gave results comparable to those obtained with the same 
milk in fluid or concentrated forms and since the powder would be more 
practical for the small evaporated milk manufacturer, special emphasis was 
given to this phase of the problem. 

Tw t o trials conducted with M.I.E.-treated whole liiilk powder revealed 
that the powder was very effective in stabilizing evaporated milk. The 
powder was reconstituted to 26.2 per cent total solids and combined with the 
regular concentrated milk before sterilizing. One lot of the fluid was 
treated at the hot w r ell before forew r arming in order to compare these methods 
further. The results of one of these trials are presented in table 2. 

A comparison of the concentrate (added just prior to sterilization) and 
fluid (hot well) treatments again reveals an advantage for the fluid method 
of M.I.E. stabilization. Had the percentage of fluid treatment been lower, 
a higher and more desirable viscosity w r ould have resulted. In several trials 
where a lower-than-optimum viscosity was obtained with M.I.E.-treated 
milks at 240° F. sterilization, a desirable result w T as obtained by increasing 
the sterilizing temperature to 242-244° F. and holding for the conventional 
15 minutes. In a number of comparisons where the M.I.E.- and salt-treated 
samples were sterilized at various temperatures, the body and viscosity char¬ 
acteristic of M.I.E.-treated samples appeared to be more stable to tempera¬ 
ture change than the salt-corrected samples. 

Other trials employing M.I.E.-treated skim milk powder gave very 



742 


D. V. JOSEPHSON AND 0. B. REEVES 


TABLE 2 


The use of M.I.Entreated whole milk powder in stabilizing evaporated milk 




24 hr. after sterilization 

Sample 

no. 

Type of 
treatment* 

pH 

Viscosity, 
Borden-flow- 
meter (sec. 
at 60° F.) 

! 

Body | 

Color 

Flavor 

1 

Control, untreated 

6.29 

T.V.t 

Curdy 

Grainy 

Normal 


2 

Control, salt- 
corrected* 

6.28 

235 

Smooth 

Normal 

Normal 

3 

2.5% M.I.E.-treated 
concentrate 

6.30 

258 

Smooth 

Normal 

Normal 

4 

5.0% M.I.E.-treated 
concentrate 

6.33 

145 

Thin 

Normal 

Normal 

5 

2.5% M.I.E.-treated 
fluid 

6.30 

179 

Good 

SI. thin 

Normal 

Normal 


* 10.4 ounces (per 1,000 lb. evaporated milk) disodium phosphate required for 
stability correction. 

t Too viscous to measure. 


similar results, so that a process involving the treatment of skim milk and its 
subsequent use as a fluid, concentrate, or powder seems most practical. 

The Effect of the pH of M.I.E.-Treated Skim Milk on 
Its Efficiency as a Stabilizer of Evaporated Milk 

Since increasing the pH of milk by the mere addition of a base has some 
stabilizing effect on the heat stability of milk proteins, the effect, if any, of 

TABLE 3 


The effect of pE adjustment of MJ.E.-treated skim milk on its stabilizing efficiency 




24 hr. after sterilization 

Sample 

no. 

Type of 
treatment* 

pH 

Viscosity, 
Borden-flow- 
meter (sec. 
at 60° F.) 

■ 

Color 

Flavor 

1 

Control, salt- 
corrected t 

6.36 

600 

Very 

heavy 

Smooth 

Normal 

% 

Normal 

2 

1.5% M.I.E. at 
pH 6.7 

6.36 

390 

Heavy 

Good 

Normal 

Normal 

3 

3.0% M.I.E. at 
pH 6.7 

6.35 

187 

Good 

Normal 

Normal 

4 

1.5% M.I.E. at 
pH 8 

6.36 

310 

Heavy 

Good 

Normal 

Normal 

5 

3.0% M.I.E. at 
pH 8 

6.37 

100 

Thin 

Normal 

Normal 


* All M.I.E.-treated materials added at hot well before forewarning, 
t 6.2 ounces disodium phosphate required for stability correction or 1,000 lb. evapo¬ 
rated milk. 
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the somewhat increased pH of the M.I.E.-treated milk solids was determined. 
A portion of a lot of M.I.E.-treated skim milk was re-treated in a hydrogen 
exchanger so as to adjust the pH from 8.0 to 6.7. The two lots were dried 
by the spray method and the powders used in stabilizing evaporated milk. 
Two trials were made on successive weeks when quite unstable winter milk 
was available. Since little butterfat was present in the powder, the “per¬ 
centage of treatment’’ was on a solids-to-solids basis. 

The results obtained in both of these trials were very similar and con¬ 
firmed the fact that the product at pH 8.0 had only a slight advantage over 
the one in which the pH was adjusted back to 6.7 (table 3). The data also 
show that the<use of the unadjusted material has very little effect on the pH 
of the finished evaporated milk. This observation supports the data pre¬ 
sented in tables 1 and 2, as well as the data obtained in numerous other trials. 

The viscosity of sample 1 (control, salt-corrected) was very high after 
sterilization. It became much less viscous after 1 week in storage and, to¬ 
gether with samples 2 and 4, finished a 1-year storage period in very fine 
condition. Samples 3 and 5, which actually were overstabilized, were thin 
and showed considerable fat separation (creaming) after 4 months and 1 
month, respectively. 

The Application of the M.I.E. Treatment to Evaporated Milks 
— with Higher-Than-Normal Solids Content 

As the percentage of total solids in evaporated milk is increased, the 
tendency toward coagulation during sterilization becomes progressively 
more pronounced. Moreover, evaporated milk containing more than 26.2 
per cent total solids will exhibit darker color, more astringent flavor, lower 
pH, and greater tendency toward mineral deposits after sterilization. 

A series of trials were conducted in which the total solids content of 
evaporated milks was varied from 26.2 to 34.0 per cent. These trials were 
made in early May when milk was becoming more stable to heat. At this 
particular time the conventional 26.2 per cent total solids product could be 
corrected with 2 ounces or less of disodium phosphate per 1,000 lb. of con¬ 
centrate. In one trial where the concentration was carried to 34.0 per cent 
total solids, 47 ounces of disodium phosphate per 1,000 lb. of product was 
required to produce stability in the sterilized product. A parallel trial in 
the same experiment, involving the M.I.E. treatment of the fluid milk at the 
hot well, showed that by treating 5.0 per cent of the product, comparable 
viscosity and body characteristics could be effected. 

Two other comparisons^ at somewhat lower concentrations demonstrated 
that a comparably small percentage of M.I.E.-treated product was highly 
effective in controlling the coagulating tendencies of high-solids evaporated 
milk. 

This particular phase of the study is being given further consideration 
and will be reported upon in the near future. 
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The Effect of M.I.E. Treatment on the Calcium, Phosphorus , 
and Ash Content of Evaporated Milk 
Calcium and phosphorus are very important nutritional factors in milk. 
Any process or treatment that would disturb either the concentration or 
particularly the ratio of these constituents in milk wmild be undesirable. 
Therefore, it was of interest to demonstrate the magnitude of change in the 
concentration of these elements in evaporated milk as a result of M.I.E. 
treatment. 

The data presented in table 4 show the calcium, phosphorus, and ash 

TABLE 4 


The calcium , phosphorus t and ash content of M.I.E.- and disodium phosphate-corrected 
evaporated milks (all data correcUvI to 20.2 per etnt total solids) 


Expt. 

Type of stabilizing 

Amount of 

Calcium 

Phos¬ 

phorus 

(%) 

Ash 

no. 

treatment 

treatment 

(%> 

(%> 

1 

Disodium phosphate 

M.I.E. 

7.3 oz. 
5.0% 

0.2523 

0.2438 

0.2220 

0.2203 

1.546 

1.530 

4 

Disodium phosphate 

M.I.E. 

8.3 oz. 
2.5% 

0.2541 

0.2509 

0.2125 

0.2094 

1.529 

1.526 

5 

Disodium phosphate 

M.I.E. 

18.7 oz. 
5.0% 

0.2508 

0.2401 

0.2093 

0.1998 

1.554 

1.468 

6 

Disodium phosphate 

M.T.E. 

10.4 oz. 
2.5% 

0.2353 

0.2532 

0.2034 

0.1977 

1.487 

1.507 

S 

Disodium phosphate 

MJ.E. 

8.3 oz. 
3.0% 

0.2509 

0.2535 

0.2062 

0.1985 

1.521 

1.469 

9 

Disodium phosphate 

MJ.E. 

2.0 oz. 
0.5% 

0.2555 

0.2551 

0.2098 

0.2023 

1.529 

1.533 

10 

Disodium phosphate 

MJ.E. 

2.0 oz. 
0.5% 

0.2430 

0.2452 

0.2053 

0.2455 

1.509 

1.505 

21 

Disodium phosphate 

M.I.E. 

10.4 oz. 
2.0% 

0.2505 

0.2518 

0.2275 

0.2173 

1.537 

1.547 

12 

Disodium phosphate 

MJ.E. 

6.2 oz. 
1.5% 

0.2438 

0.2477 

0.2064 

0.2092 

1.474 

1.496 


analyses of evaporated milks made in 9 of the 16 experiments. The data 
given in each case are for only the optimum M.I.E. and disodium phosphate 
treatments. 

The calcium content of the evaporated milks was altered only insignifi¬ 
cantly by the M.I.E. treatment. Similarly, the ash content is essentially the 
same. The somewhat higher values found for phosphorus in the salt-cor¬ 
rected samples undoubtedly are due to the added disodium phosphate. 
From the data presented here it can be concluded that the amount of M.I.E. 
treatment required to stabilize evaporated milk has no significant effect upon 
the calcium, phosphorus, and ash content of the finished product. 

DISCUSSION 

Treatment of a small percentage of a given lot of milk by the M.I.E. 
technique is an effective means of stabilizing evaporated milk. The finished 
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product made with M.I.E.-treated milk compared favorably with that ob¬ 
tained with the conventional “salt correction” method and was particularly 
outstanding in cases where very unstable milk was concerned. After stor¬ 
age for 1 year, evaporated milks made by the two methods were found to 
be essentially the same with respect to color, flavor, viscosity, pH, and fat 
separation. In no case was it found impossible to stabilize the milk by 
either the salt or the M.I.E. method during the season from January to May 
when milk usually exhibits its maximum instability. 

M.I.E.-treated fluid milk and the same product condensed or dried were 
equally effective in stabilizing evaporated milk against coagulation during 
sterilization. Treatment of the fluid at the hot well before forewarming 
generally was more effective than the method of treating the concentrate 
just before filling and sterilizing. 

Normal M.I.E.-treated milk exhibits a pH of approximately 8.0. By 
restoring the pH to approximately normal (6.7) with a hydrogen exchanger, 
the effectiveness of the product was altered very little, thereby demonstra¬ 
ting that the somewhat elevated pH of the product contributes little to its 
stabilizing effect. The use of unadjusted M.I.E. products in concentrations 
required to stabilize evaporated milk had essentially no effect on the pH of 
the finished product. 

The stabilization of evaporated milk with M.I.E.-treated milk has no 
significant effect on the calcium and phosphorus content of the j>roduct. 
The amount of treatment required to stabilize most evaporated milks is so 
small that its effect scarcely can be detected by conventional calcium 
analyses. 

Preliminary trials demonstrated that where almost prohibitive amounts 
of disodiuin phosphate were required to stabilize high total solids (34.0 per 
cent) evaporated milk, a treatment of only 5.0 per cent of the original fluid 
effected a desirable result. . 

The mechanism by which the M.I.E. principle acts in the stabilization of 
evaporated milk could not be determined definitely from the data taken in 
this.study. However, since instability of evaporated milk generally is at¬ 
tributed to excess calcium and magnesium ions, the re-establishing of a more 
favorable ionic equilibrium by the physical removal of these excess ions by 
M.I.E. treatment appears to be the most logical explanation. 

conclusions 

1. The mineral-ion exchange process as employed in these experiments 
with evaporated milk is capable of stabilizing the product against coagula¬ 
tion during sterilization at 240° F. for 15 minutes. 

2. This process has been found effective in stabilizing milks exhibiting a 
wide range of instability to heat. 

3. The addition of optimum quantities of mineral-ion exchange-treated 
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milk to evaporated milk before sterilizing imparts characteristics similar 
to those obtained when the product is stabilized with salts. 

4. Under average conditions where a product requires 2 to 6 ounces of 
stabilizing salt per 1,000 lb. of concentrate to produce stability, the same cor¬ 
rection can be effected by treating from 0.5 to 2.0 per cent of the original 
milk by the mineral-ion exchange process. 

5. The addition of the mineral-ion exchange-treated milk at the hot well 
before forewarming produces somewhat greater efficiency of stabilization 
than addition later. 

6. The mineral-ion exchange-treated milk can be used as a fluid, con¬ 
centrate, or powder with almost equal effectiveness. 

7. Preliminary trials suggest that the mineral-ion exchange method of 
stabilization may be very effective in the manufacture of high total solids 
(32-34 per cent) evaporated milk. 

8. The utilization of this process in the manufacture of evaporated milk 
has only an insignificant effect on the calcium and ash content of the product. 
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SEASONAL VARIATIONS IN HOURS OP DAYLIGHT ASSOCIATED 
WITH FERTILITY LEVEL OF CATTLE UNDER 
NATURAL BREEDING CONDITIONS 

ERNEST MERCIERi and G. W. SALISBURY 
Laboratory of Animal Breeding and Artificial Insemination, 

Department of Animal Husbandry, Cornell University, 

Ithaca, New Yorle 

Losses due to sterility or low fertility amongst livestock in North 
America amount to millions of dollars annually. Though this fact is recog¬ 
nized by most workers in the field, controlled investigations have not yielded 
evidence to suggest that eliminating these losses is an easy matter soon to 
be achieved (2). 

Sterile animals are identified readily in most dairy herds, but inefficient 
reproducers may be more difficult to expose and, in the aggregate, may con¬ 
tribute fully as much to monetary loss. The rapid growth of artificial 
breeding has served to emphasize the importance of the differences in rela¬ 
tive fertility among dairy cattle and to focus attention on this problem. 

From the records accumulating on thousands of cattle in the New York 
artificial breeding program it was believed that it might be possible to obtain 
evidence on the causes of the varying levels of fertility observed. The 
records are obtained from herds operated under a variety of conditions in 
all agricultural counties of the State. The data first were studied with the 
objective of determining the effect of various factors on fertility results. 
Certain inseminating practices and regional problems were studied. How¬ 
ever, it was evident immediately that certain major factors influenced fer¬ 
tility level. These factors, unless thoroughly understood, might obscure 
other influences, or bias data used for other studies. 

The first factor of major importance was the age of the cattle concerned. 
Data on that problem were published by Tanabe and Salisbury (31). Later 
Mercier and Salisbury (20) studied what then appeared to be the second 
major influence, that of season on-fertility level of dairy bulls; highly 
significant differences between months in fertility level were found. Earlier 
Salisbury (27) had found seasonal variations in semen quality which were 
not reflected in variations in fertility level. Others (8,12,15, 21, 23, 24, 30) 
had noted a seasonal trend in fertility level of cattle, which they attributed 
largely to variations in temperature. The results of these studies were so 
diverse that no general conclusions could be drawn. 

Recently, Mercier (19) reviewed the published data concerning the 
monthly fluctuations in fertility level of cattle. From his review and his 
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own data he suggested that the seasonal fluctuations observed were not ran¬ 
dom variations, but followed definite patterns associated with climatic fac¬ 
tors, of which variations in length of daylight played an important part. 
Previously, as mentioned above, the seasonal fluctuations in fertility level 
of cattle had been attributed largely to variations in temperature. How¬ 
ever, it has been shown that light is the primary agent regulating the breed¬ 
ing behavior of many species of birds and lower mammals. This subject has 
been reviewed at length by other investigators (3, 4, 6, 18, 26). Evidence 
is yet to be produced to show that light does not influence fertility level in 
cattle. 

The authors recognized that the definite experimental demonstration of 
the influence of light variations on fertility level of cattle would involve 
an enormous outlay of time and effort. In an experiment of this kind, 
more animals would be required to produce valid conclusions than usually 
are considered necessary. For direct proof of the theory it would be neces¬ 
sary to show that fertility level was modified by light manipulations. To 
demonstrate the reasons for such modifications of the fertility level by light 
manipulations, the morphological and physiological changes in the primary 
reproductive organs, as well as the hormone balance of the entire body, 
would have to be studied minutely. 

As adequate facilities were not available for direct experiments on the 
question, it was felt that an indirect approach might reveal definite facts 
from which the importance of light variations on fertility level could be 
assayed. Thus, a detailed statistical study was made of Mercier’s data 
(19), and additional evidence was obtained from the records of the New 
York Artificial Breeders’ Cooperative, Inc. 

The present report deals with a study of the conception rate of cattle 
under natural breeding conditions in Eastern Canada. It was undertaken 
because the authors felt that the possible detrimental effect of extreme tem¬ 
peratures on reproduction would be minimized because of the cool Canadian 
summers and the wintering of cattle in warm barns. On the other hand, 
they believed that the effect of light, if involved, would be emphasized be¬ 
cause of the extreme length of the summer days and the shortness of the 
winter days. % 

MATERIALS AND METHODS 

Three main points considered in the selection of herds to provide breed¬ 
ing records for this study were the latitude at which the farms were situated, 
the similarity in management practices, and the reliability of the available 
breeding records: 

The purebred herds of the three following institutions, containing cows 
of the Ayrshire, Holstein, and beef and dual-purpose Shorthorn breeds, 
were selected: The College of Agriculture of MacDonald, Quebec, and the 
Experimental Stations of Ste-Anne-de-la-Poeatiere, Quebec, and Kapuskas- 
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ing, Ontario. Only a few females were brought into the herds during the 
period covered in this study, 1919-1944. In all herds there was a tendency 
to use sires of various ages, and no close-breeding systems were followed. 
Abortion waves occurred in two herds. Before 1935, reactors were elimi¬ 
nated; after that, the policy was to isolate females that aborted. In order 
to avoid bias due to these troubles, all records used were from cows which 
conceived prior to the fifth service. 

The farms were located almost exactly 2° of latitude apart, one at 45°, 
one at 47°, and the other at 49°. These differences had little effect on 
monthly mean daylight hours, the northernmost station having approxi¬ 
mately one-half hour less of daylight during January and the same amount 
more during June. As a consequence the monthly average number of day¬ 
light hours and hours of sunshine varied somewhat from station to station, 
but this variation was unimportant in comparison with the extreme change 
throughout the year. The monthly mean number of daylight hours varied 
from 8.2 hours in December to 16.0 hours in June. At no time during the 
year did the mean monthly outside temperature at any station reach 70° F., 
which is well below the point of hyperthermal rise in body temperature. 

The breeding records for each herd were sorted by month of service, and 
the number of successful services determined for each month. The data 
were tabulated as the per cent of successful services and were so used in this 
investigation. However, in order to make the results comparable with 
others published, they are expressed as services per conception. 

The monthly per cent of successful services for each herd was considered 
as a single observation. Months were grouped into seasons: winter months 
being December, January, and February; spring months, March, April, 
and May; summer months, June, July, and August; and fall months, Sep¬ 
tember, October, and November. Analyses of variance and covariance 
techniques, as described by Love (17), were used to colligate the evidence. 
In the first case the per cent of successful services w r as used, while in the 
second, the independent variable was the number of services and the depen¬ 
dent variable the number of conceptions. In the use of each statistical 
technique no significant herd x season interaction was observed. Thus, in 
each analysis the entire remainder including the primary interaction vari¬ 
ance was used for testing the statistical significance of “herds” and 
“ seasons ”. 

RESULTS 

The data grouped by season and herd are presented in figure 1. No 
significant differences in fertility level between herds were found by either 
method of analysis, but both methods showed a significant difference in fer¬ 
tility level between the seasons at the 5 per cent level of probability. These 
data show that fertility level as measured by the per cent of successful 
services was highest in summer and lowest in the winter and spring in these 
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Canadian herds. A study of the monthly per cent of successful services 
for the three herds suggested a definite trend. The poorest conception rate 
was obtained during the month of February and the best during the month 
of July, some time after the shortest and the longest day of the year, respec¬ 
tively. 

For comparative purposes a survey of the number of services per con¬ 
ception in cattle obtained at various locations in the Northern Hemisphere 
is presented in table 1. The information published by Clapp (9) for the 
Cornell University dairy herd shows the same trends as do the data reported 
here and by Mercier (19). Except for the data of Dawson (10), Liang 
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Fig. 1. Seasonal variations in fertility level of three herds in Eastern Canada. 


[Phillips et al. (23)], and Seath et al. (30), which are largely from the 
southern portion of the Hemisphere, there is a tendency for the number of 
services per conception to decrease from February on through the spring 
until the days begin to shorten and the hot weather of summer supervenes. 

The observed trend suggested that increased length of day or increased 
temperature, up to an optimum temperature, might beneficially influence 
reproduction in cattle. In Mercier’s data (19) no decrease in fertility 
level during the summer was observed. In fact, the variations in fertility 
level seemed to vary directly with the length of daylight, the hours of sun¬ 
shine, and the outside temperature, there being a lag of some time before 
the maximum effect was reached. 

The relationship between each of these climatic factors and the average 
fertility level- of the three herds was determined. To get an idea of the- 
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length of the apparent lag effect, the correlation coefficients between the 
per cent of successful services for one month and the average monthly values 
for temperature, length of day, and number of hours of sunshine for the 
month corresponding to and of the first, second, third*, and fourth month 
prior to mating were calculated. The correlation coefficients are shown in 
table 2. 

The relationship between fertility level and each of the three climatic 
factors was approximately of the same magnitude. The correlation coef¬ 
ficients for the second month prior to mating, in general, were the highest. 
As hours of sunlight are a function of the length of day, and as Olson (22) 
has reported that lack of direct sunshine had no measurable effect on re¬ 
production in cattle, the authors have eliminated this item from further 

, TABLE 2 


Correlations between the conception rate and the monthly averages for climatic factors 
for the month corresponding to and the months prior to mating 


Correlations between 
fertility level and: 

Months for climatic factors 

Corre¬ 

sponding 

Prior to mating 

First 

Second 

Third 

Fourth 

Temperature , 

■ 

0.732t 


— 

— m 

Day-length 

■ E a 9il 

0.604* 


■ 

■ 

Daily sunshine hours 

0.346 

0.573* 


■ 



* Significant at the 5% level of probability, 
t Significant at the 1 % level of probability. 


consideration. Partial correlations for the second month prior to mating, 
using the individual observations for each herd, indicated that length of 
daylight and not temperature change was the more important factor asso¬ 
ciated with the conception rate under Canadian conditions. The partial 
correlation coefficients were 0.352 and 0.017, respectively, the first being 
significant at the 5 per cent level of probability. The.results suggest that 
longer daylight has a beneficial effect on the conception rate of cattle in 
Eastern Canada. 

That this observation may have wider application is indicated by other 
evidence. In England, Hammond (14) and Sanders (29) observed that 
cows calving in spring and bred in summer, especially in the northern dis¬ 
tricts of the country (14), required less time to get in calf than those calving 
in fall and bred in winter. Plum and Lush (25) found that heifers in 
Iowa bred in spring and summer calved at an earlier age than those bred in 
late fall and winter. In a similar study of the age of Ayrshire heifers in 
the United States calving for the first time during 1942-1945, Salisbury 
and Mercier (28) observed the. same trend. Furthermore, in their data, 
comparison of the ages of the heifers calving in the states below the 40° 
of latitude, none of which are in the extreme South, and those calving in 
the states north of that parallel showed that the monthly average age at 
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first calving varied more for the group calving in states north of the 40° of 
latitude than for the group calving in states south of that latitude. Hunt¬ 
ington (16) has observed a similar increase in the amplitude of seasonal con¬ 
ception curves in human beings in the United States and Canada as the 
population areas studied shifted from the Equator towards the North. It 
would appear that at high latitudes heifers as well as mature cows are some¬ 
what less fertile during periods of the shortest length of day and, as a 
consequence, conception and calving are delayed. 

DISCUSSION 

Dawson (10), studying the fertility of aged bulls used at various loca¬ 
tions in the United States, found that the relative fertility of sires used at 
southern stations was 36 per cent as compared to 49 per cent for sires used 
at northern and western locations. Seath et al. (30) in Louisiana and Liang 
[Phillips et al. (23)] in southern China attributed the poor results secured 
during summer and spring (see table 2) to high environmental temperature. 
Although this interpretation may explain satisfactorily the contrasting 
seasonal difference between their results and those of the authors, it does 
not explain adequately the rather uniformly low monthly conception rate 
of aged sires in the south of the United States (10). 

It is known that the seasonal variation in day-length becomes less and 
less, the winter days being relatively longer and the summer days shorter, 
as one approaches the Equator. For instance, the day-length averages for 
the months of June and December are, respectively, 16.0 and 8.2 hours in 
Eastern Canada (1) and 14.1 and 10.3 hours in Louisiana (33). The lesser 
variation in length of daylight may account somewhat for the relatively 
good winter results reported at low latitudes (10, 23, 30). 

That level of nutrition is probably not a controlling factor in the in¬ 
creased breeding efficiency observed as spring advances is indicated by the 
fact that in the north the gradual change is underway before pasture be¬ 
comes available. Also, the evidence suggests that confining cows in stan¬ 
chions is not responsible for the lower breeding efficiency observed in winter. 
Webster (35) from New Zealand reported that the majority of barren cows 
kept on pasture the year around bred successfully, most of the time at the 
first attempt, when carried over the winter to the following spring. 

Though the action of light on reproductive activity of vertebrates is 
not entirely clear, it is known to act on the pituitary and possibly on other 
areas of the midbrain through the eye, retina, and the optic nerve (3, 4, 6, 
18, 26). Fiske (13) has shown that light stimulates the pituitary of the 
female rat to produce and release follicle-stimulating hormone. Con¬ 
versely, lack of light favors an increase in the production of luteinizing 
hormone. 

Since the relationship of temperature to the reproductive processes is 
not thoroughly understood, the effect of high temperature on the semen 
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production of males may be only a secondary effect rather than a primary 
one. There is direct evidence that temperature affects the function of the 
thyroid gland in the rat (11) and in the ram (7) and also the gonadotropic 
potency of the anterior pituitary in the ground squirrel (36). Further¬ 
more, it has been shown that in the rat (32) the pituitary controls the rate 
of formation shd the release of thyroxin into the circulation, and that it 
acts on the gonads of certain species of fish (34) through the thyroid. 
Seasonal variations in the amount of thyrotropic hormone in the blood of 
cocks and ducks, associated with changes in the activity of the thyroid and 
the testis, were reported by Benoit and Aron (5). 

While these reports strongly suggest that the seasonal variations in re¬ 
productive efficiency reflect primarily pituitary and, secondarily, thyroid 
activity, more evidence is needed before definite conclusions may be drawn. 

The results of research published by others and the work reported here 
lead the authors to conclude that light plays an important role in controlling 
the breeding efficiency of cattle. Obviously, further studies should be made 
to determine any specific effect of light and temperature on reproductive 
activity of cattle of various ages and to modify, if possible, these two en¬ 
vironmental factors or to change management practices in order to improve 
conception rate, especially of cows bred to calve in the fall. 

. SUMMARY 

In a study of three herds of cattle located at different latitudes in 
Eastern Canada, the lowest per cent of successful services was obtained 
during winter and spring and the highest during summer and fall. The 
differences in fertility level between herds were not significant statistically 
but those between seasons were significant at the 5 per cent level of prob¬ 
ability. 

The average monthly conception rate of the three herds was significantly 
correlated with the monthly average length of daylight, there being a lag 
of approximately 1 to 2 months before the maximum effect was reached. 
Temperature changes had no measurable direct effect on fertility level 
under the existing conditions. 

The authors believe that at high latitudes variations in length of*daylight 
measurably influence the fertility level in cattle. 
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THE RELATION OF PER CENT TOTAL SOLIDS IN SEPARATED 
MILK AND PER CENT FAT IN WHOLE MILK TO 
ATMOSPHERIC TEMPERATURE 


BURDET HEINEMANN 

Producers Creamery Company, Springfield, Missouri 

During recent years, the general use of continuous processing methods 
and various types of automatic process controllers has reduced or eliminated 
many elements responsible for deviations from quality standards. This 
has resulted in a greater appreciation of the significance of variations in the 
composition of milk both on a day-to-day and on a seasonal basis. 

Daily variations in the fat test of milk also are of interest to the dairy¬ 
man who occasionally may have special fat tests made during a period of 
only a few days. Dr. E. W. Bird of Iowa State College called the author’s 
attention to the fact that although numerous reports have been published 
establishing several reasons for variations in fat test, the significance of 
day-to-day variations in atmospheric temperature has not been stressed. 
The data presented in this report are intended, therefore, to demonstrate 
that variations in atmospheric temperature from one day to the next are 
sufficiently significant to be of major importance to the plant operator and 
the dairyman. 

LITERATURE 

Several studies have shown that the temperature affects the fat per¬ 
centage of milk. Generally, this conclusion has been reached on a seasonal 
basis rather than on a day-to-day basis. During March and April. 1922, 
however, Ragsdale and Brody (3) compared the average fat test of the milk 
from ten cows over a 24-hour period with the mean atmospheric temperature 
of the same 24 hours and concluded that there is roughly about 0.2 per cent 
increase in fat for each 10° F. decrease in temperature. 

Hays (2), working with Ragsdale and Brody, carried out a more com¬ 
prehensive study. Daily data for fat tests and air temperatures were col¬ 
lected for 258 days. The environmental temperatures ranged from 85.5 
to 24.5° F., and the average fat tests ranged from 3.171 to 3.600 per cent. 
This increase in fat test amounted to 0.079 per cent for each 10° F. lowering 
of the temperature. However, Hays did not consider these results as signifi¬ 
cant as those obtained on two Jersey cows which were maintained for 4- to 
8-day intervals in controlled temperature rooms. The result of these trials 
indicated a rise of 0.189 per cent fat for each 10° F.Jowering in temperature. 

Regan and Richardson (4) found that at 80 or 85° F., depending upon 
the breed, a pyrexial point was reached where animals no longer were able 
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to maintain heat balance. This probably explains some of the adventitious: 
results secured by Hays on his trials with two Jersey cows. Began and 
Richardson further noted that above the pyrexial point many changes were 
observed in the chemical constituents of milk, such as lowering of casein and 
solids-not-fat, increase in fat and pH, depression of the freezing point, a 
longer rennet coagulation time, and lower per cent volatile acids and higher 
per cent unsaturated components of the butterfat secreted. 

Gaalaas (1) reported a definite relationship between the body tempera¬ 
ture of the cows and the air temperature. The correlation coefficient was 
found to be + 0.57 1 1 0.0079 for a total of 3,298 readings of body temperature. 
The correlation coefficient for respiration rate and air temperature was 
+ 0.77 ± 0.0048. 

Seath and Miller (5), studying the effects of both temperature and 
humidity on the body temperature and respiration, found that partial 
correlations between air temperature and body temperature (humidity held 
constant) were 4 0.674 for 1944 and 4 0.534 for 1945 on 36 Holsteins and 16 
Jersey milking cows. The effect of humidity on body temperature was of 
minor importance. Partial correlation coefficients for air temperature and 
respiration (humidity held constant) were 4 0.748 for 1944 and 4 0.353 for 
1945. Humidity again was of minor importance. 

Previous reports, therefore, indicate that: (a) a general relationship 
exists between air temperature and the fat test of the milk; (b) after the 
pyrexial point has been reached, significant changes occur in the composition 
of the milk; and (c) a definite correlation exists between both body tempera¬ 
ture and respiration rate of the cow and air temperature, with humidity 
playing an insignificant role. 

METHODS 

Total solids were determined by the Mojonnier method on a composite of 
several samples of separated milk taken at hourly intervals during the time 
of operation. The per cent total solids of the separated milk, rather than 
the per cent total solids in whole milk minus the per cent fat, was used as an 
index of the nonfat solids, since a more representative sample could be ob¬ 
tained. Since it was determined statistically that random sampling of one- 
seventh of the total amount of milk received would result in the desired ac¬ 
curacy, this amount of milk was cooled, held in storage tanks, agitated 
thoroughly, and sampled. Babcock tests were made on each of the several 
samples resulting, and these tests were averaged to obtain a figure repre¬ 
sentative of the daily fat test. 

Mean daily temperatures were secured from the United States Weather 
Bureau located in Springfield, Missouri. Since all the milk is received 
within a radius of 40 miles of Springfield, it is felt that the mean daily 
temperature at Springfield is a fair representation of the temperature exist¬ 
ing in this area. There is no conclusive evidence to support this statement, 
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but it is known that weather stations located between 50 and 70 miles away 
never have recorded temperatures at great variance with those recorded 
at Springfield. 

Another factor very slightly affecting the accuracy of the figure given 
as mean daily temperature is that the hours used for arriving at this figure 
do not coincide with general milking times. Mean daily temperatures are 
based on hourly readings from 1:20 a.m. to 12:20 a.m. of the following 
day. It would have been more desirable for the purposes of this study to 
have the hours begin with 7: 00 a.m. and end with 6:00 a.m. of the follow¬ 
ing day. This discrepancy of 5 or 6 hours, however, may be significant 
only during sharp changes in atmospheric temperature, which are rare. 
Very little difference between mean daily temperatures calculated by the 
two methods was found when hourly temperatures were recorded for a 10- 
day period. It should be emphasized that the mean daily temperature is the 
temperature of the day before the milk was received at the plant, i.e., the 
air temperature at the time the cows were secreting milk. 

The statistical methods used are those described by Snedecor (6). The 
mean daily temperatures were correlated with the mean daily fat tests of 
the whole milk received and of the mean daily total solids of the separated 
milk. A period of one month was chosen for convenience. Shorter periods 
would tend to reduce the effect of stage of lactation and would show less 
Tariation in the value of the correlation coefficient. Longer periods would 
increase the effect of stage of lactation and other factors affecting the com¬ 
position of milk. 

About 90 per cent of the cows in this area are Jerseys. As reported by 
Seath and Miller (5), this breed is more tolerant than the Holstein to high 
temperatures. Since the climate is temperate, cows are kept in barns only 
occasionally during short periods of severe cold. The milk received at the 
plant represents the combined volume of about 6,000 herds. 

RESULTS 

Table 1 shows the correlation coefficient, the regression coefficient, and 
the deviations from regression between the mean daily total solids and mean 
daily temperature for monthly intervals for the year 1946. Table 2 shows 
the correlation coefficient, the regression coefficient, and the deviations from 
regression between the mean daily temperature and the mean daily per cent 
fat in the whole milk for monthly intervals for the year 1946. 

The results of this statistical study indicate that there is a relationship 
between atmospheric temperature and the per cent total solids in separated 
milk during 1946. The values of the correlation coefficient range from 
-0.062 to -0.758. The .results also indicate a significant relationship be¬ 
tween atmospheric temperature and the per cent fat in whole milk for the 
aame year, the values ranging from - 0.258 to - 0.838. The fat test appar- 
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TABLE 1 

The relation between the mean daily total solids in separated milk and the mean daily 
atmospheric t< mperature for 1946, calculated for monthly intervals 


Month 

Correlation 

coefficient 

Regression 

coefficient 

Deviation from 
regression 

January . 

- 0.062 

- 0.0010 

0.092 

February . 

- 0.367 

- 0.0034 

0.087 

March. 

- 0.290 

- 0.0035 

0.084 

April . . 

- 0.329 

- 0.0048 

0.112 

May .... . . . 

- 0.403 

- 0.0045 

0.063 

June. 

- 0.758 

-0.0119 

0.077 

July . 

- 0.456 

- 0.0080 

0.068 

August . 

- 0.721 

- 0.0119 

0.083 

September. 

- 0.731 

-0.0148 

0.079 

October . 

- 0.342 

- 0.0059 

0.121 

November . 

-0.191 

-0.0042 

0.147 

December . 

- 0.663 

- 0.0069 

0.081 

Mean . 

- 0.4427 

- 0.00673 

0.091 


ently is affected to a greater extent by temperature than is the total solids 
content. 

For the year 1946 there was an increase of 0.067 per cent in the total 
solids of the separated milk and an increase of 0.093 per cent fat in the whole 
milk for every 10° F. decrease in atmospheric temperature over a range 
from 34.8 to 78.8° F. in the Springfield, Missouri, area. 

DISCUSSION 

• Since the fat test of alt the milk received at this plant shows a definite 
negative correlation with the mean daily temperature, one may safely as¬ 
sume that the test of the milk of individual herds will show a similar change 
with temperature, and that the test of the milk from individual cows in each 
herd also will vary with the temperature. Actually, this has not been 

TABLE 2 

The relation between the mean daily fat in whole milk and the mean daily atmospheric 
temperature for 1946 , calculated for monthly intervals 


Month 

Correlation 

coefficient 

Regression 

coefficient 

Deviation from 
regrqpsion 

January . 

■. ! ■ 

- 0.0105 

0.091 

February. 



0.073 

March . 




April. 


r in 

I'Sfii 

May . 

BHWLlUK 

E w! m m 

?7 MBs 

June . 

- 0.757 

~ 0.0076 

mt i"« 

July . 

- 0.258 



August. 

- 0.770 

-0.0180 

0.103 

September. 

- 0.769 

- 0.0183 

0.094 

October . 

- 0.742 



November . 

- 0.570 


0.095 

December . 

- 0.642 

2'- 

0.111 

Mean . 

- 0.6566 

- 0.00926 

0.0798 






























TOTAL SOLIDS AND ATMOSPHERIC TEMPERATURE 


761 


found true in all cases, but it generally was found true during May and 
June, 1947, when a study was made of the fat test of the milk of 75 patrons. 

The low correlation coefficient (-0.258) obtained for fat in July may be 
due to several factors. In July, 1946, the temperature was uniform for an 
extended period. Under this condition, the effect of the stage of lactation 
is likely to be more pronounced. Furthermore, in hot weather, cows may 
be shaded to a variable degree, which will have a variable effect on their 
body temperature. Finally, when the atmospheric temperature is uniform, 
the errors of sampling and testing are likely to affect the correlation coef¬ 
ficient to a greater degree. 

Tracy and Tuekey (7) and others have reported data showing day-to-day 
changes in the fat test of individual patron’s milk as received at milk plants. 
These results indicated that a majority of the samples tested vary through¬ 
out a 7-day test period from 0.3 to 0.75 per cent, and some samples vary over 
2.5 per cent. Unpublished results of similar studies at this plant lead to 
the same conclusion. Although Tracy and Tuckev are inclined to attribute 
this variation to malpractice, it is probable that changes in air temperature 
largely are responsible. 

The effect of air temperature should be recognized by dairymen and 
testing associations, who often judge the fat production of a cow on the 
basis of the results of a few days’ testing. Obviously, these results may or 
may not reveal a true production record. Composite sampling or daily 
testing for several days is the most desirable way of arriving at reliable 
results. 

The nonfat solids (as measured by the total solids in the separated milk) 
have not been of interest to the dairyman. However, in whole milk plants 
where standardization of the fat test is carried out, as in the case of cheese 
plants, the variation in the nonfat solids may have some significance, and the 
recognition of causes for this variation may be of value. 

SUMMARY 

The results of this study indicate that a definite relationship usually 
exists between the fat test of the whole milk received at the plant, the total 
solids of the separated milk, and the air temperature in the Springfield, 
Missouri, area. 

The correlation coefficients between mean daily total solids of separated 
milk and mean daily temperature ranged from - 0.062 to - 0.758 and aver¬ 
aged -0.443 for the year 1946, using monthly intervals. 

The correlation coefficients between mean daily fat test of the whole 
milk as received and the mean daily temperature ragged from -0.258 to 
- 0.838 and averaged - 0.657 for 1946. 

There was an average increase of 0.067 per cent total solids of the sepa¬ 
rated milk for each 10° F. decrease in atmospheric temperature. 
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Thera was an average increase of 0.Q93 per cent fat in the whole milk 
for each 10° F. decrease in atmospheric temperature. 
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FURTHER STUDIES OF THE PROCESSES INVOLVED IN THE 
PRESERVATION OF CAROTENE IN DEHYDRATED 
ALFALFA AND CEREAL GRASSES 1 


A. W. HALVERSON and E. B. HART 

Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison 

In an earlier paper (1) it was pointed out, as also has been done by 
others, that a dehydrated alfalfa or cereal grass having a water content of 
6-10 per cent lost carotene fairly rapidly under ordinary conditions of 
storage. After addition of water to a level of 15-20 per cent total and 
storage in waxed containers, these same products lost none of their carotene. 
In other words, under airtight storage and with the proper water content, 
the oxygen present gradually is used up and displaced by carbon dioxide. 
In the absence of oxygen, th^uirotene is preserved completely. As will be 
pointed out, these plant tissues with a water content of 6-10 per cent slowly 
respire, using up the oxygen and producing carbon dioxide, but the rate is 
so slow that carotene losses can occur before the oxygen present has been 
consumed completely. Higher water levels, such as 12-20 per cent, increase 
the rate of respiration, and the oxygen is used up much faster. When the 
product is stored in receptacles impervious to oxygen, conditions for caro¬ 
tene preservation readily are established. 

To study the relation of ^ater level to the rate of carbon dioxide pro¬ 
duction, new experiments vjfcre inaugurated. The type of drying to which 
the material was subjected also w r as studied. 

EXPERIMENTAL 

Two types of driers are employed extensively in this country for the 
preparation of commercial dehydrated alfalfa and cereal grasses. The one 
more commonly used appears to be the Arnold Drier (Heil) made by the 
Heil Company of Milwaukee. Wis. In this drier the furnace gasea enter 
at a temperature of about 1850° F. (1010° C.) and leave the dehydrator at 
about 250° F. (121° C.). The product is in the drier from 1.5 to 5 minutes. 
The product produced is green in color, and grasses usually are brighter 
green than alfalfa, a phenomenon no doubt dependent upon the initial 
chlorophyll content. Quite surprising is the fact that the chlorophyll is 
retained at all, but it is more than probable that the organic structures of 
the plant materials never reach the temperature recorded for the ingoing 
and outgoing gases. (See sample 1 in table 1.) 

Received for publication July 17,1947. 
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The second drier used is the Fulmer Drier. In this dehydrator a tem¬ 
perature of about 290° F. (143° G.) is used and the material is in the drying 
tunnel approximately 25 minutes. The time required for dehydration is 
dependent upon the initial moisture content and may be as much as 10 to 
15 minutes longer when the material carries about 80 per cent water. This 
product also retains its green color (sample 2). 

TABLE 1 


Carbon dioxide production in dehydrated alfalfa and oat grasses 



Total 

water 

CO a 

O, 


(%> 

(%) 

(%> 

Sample 1 




Alfalfa (Caple Bros.) Fulmer Drier. Entering gases 

6.0 

1.0 

18.5 

143° C., 30 min. Analyzed after 5 days' storage 

10.0 

2.0 

17.1 

at room temperature. Original water 6%. 

12.5 

4.5 

14.1 


15.0 

7.0 

11.6 


20.0 

12.4 

3.9 


25.0 

17.9 

0.0 

Sample 2 




Alfalfa (Natl. Alfalfa Co.) Heil Drier. Entering 
gases 1010° C., 1.5 min. Analyzed after 5 days’ 
storage at room temperature. Original water 9.4%. 

10.0 

4.4 

14.4 

12.5 

4.5 

12.3 

15.0 

8.0 

6.9 

20.0 

13.9 

00.0 


25.0 

14.3 

00.0 

Sample S 




University alfalfa dried at 22° C. before fan and then 

2.1 

0.8 

19.7 

dried in vacuum. Analyzed after 5 days’ storage 

5.0 

0.9 

19.1 

at room temperature. Original water 12.4%. 

10.0 

2.4 

18.1 

15.0 

7.2 

12.6 


20.0 

14.6 

3.6 

Sample 4 




Alfalfa (Cerophyl Co.) Heil Drier.* Analyzed after 

5 days’ storage at room temperature. Original 

10.8 

3.9 

14.4 

12.5 

4.9 

13.4 

water 7.2%. 

15.0 

7.6 

10.5 


20.0 

15.7 

0.4 


25.0 

18.7 

00.0 

Sample 5 




Oat grass (Cerophyl Co.) Heil Drier.* Analyzed 
after 5 days’ storage at room temperature. Orig¬ 

10.0 

3.5 

16.3 

12.5 

6.4 

12.4 

inal water 10.1%. 

15.0. 

10.2 

5.9 


20.0 

13.8 

00.0 


25.0 

14.8 

00.0 


* Carotene preservation complete (3 months ’ sealed storage) with 12 or 17 per cent 
total water. * 


Also used in these experiments was an alfalfa cut from a University field 
and dried before a fan at a temperature of 22-25° C. It then was dried in 
a vacuum to reduce the moisture content (sample.3). 

Further studies were made on a dehydrated alfalfa (sample 4) and oat 
grass (Heil Drier, sample 5) in which the carotene was preserved completely 
when the products contained 12-17 per cent of water (alfalfa) and 15 per 
cent of water (oats) and were packed in flexo wax-covered receptacles and 
thus made airtight. These two materials gave most interesting data on the. 
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rate of oxygen disappearance and carbon dioxide production necessary for 
complete carotene preservation. 

All of the products described above were packed in glass tubes 200 mm. 
long and 35 mm. in diameter and provided with stopcocks and airtight seals 
at both ends. They were held at room temperature (22-25° C.) for 5 days;' 
then the contained gases were sampled quantitatively for oxygen and carbon 
dioxide. The data secured on the five materials are shown in table 1. 

In all of the materials, the carbon dioxide production rate was not 
greatly different (7-10 per cent) where the total water content was 15 per 
cent. This measurement was made at the end of a 5-day storage period. 
With 20 per cent, total water and a 5-day storage period, the rate of carbon 
dioxide production was practically doubled (12-15 per cent). The faster 
rate of carbon dioxide production and oxygen utilization at a higher water 
level than 15 per cent does not necessarily mean that a more efficient caro¬ 
tene preservation in an airtight receptacle will be secured by the use of the 
higher water level. In sample 4 (alfalfa), carotene was preserved com¬ 
pletely with 12 and 17 per cent of water, respectively, when packed in 
airtight, receptacles for 3 months. In the ease of sample 5 (oats), 15 per 
cent of total water preserved the carotene completely under similar storage 
conditions. The destruction of carotene is a gradual process, with the con¬ 
centration of oxygen a possible factor, but one not yet studied. The de¬ 
struction of chlorophyll is associated with the high water levels and rapid 
carbon dioxide production. With 15 per cent of total water the original 
green color is retained much more effectively than when 20 per cent of total 
water is used. Since 12-15 per cent of total water in an airtight receptacle 
completely preserves the carotene, it appears that a commercially acceptable 
product in respect to both color and carotene readily can be prepared, pro¬ 
vided an economical airtight receptacle becomes available. 

To determine the influence of both time and water content on carbon 
dioxide production and oxygen consumption, a dehydrated alfalfa prepared 
by the Fulmer process and one prepared by the Heil dehydrator were put up 
in glass tubes with 10, 12.5, 15, 17.5, 20, and 25 per cent of total water. 
The gases in the tubes were analyzed at the end of 5. 10. 15, 20, 25, and 30 
days. The tubes were held at room "temperatures of 22-25° C. It also 
should be pointed out that when the total water content of both these alfalfas 
was 12.5 per cent, the carotene was preserved completely and the green 
color well retained when stored in waxed rceptacles for 3 months at room 
temperature. With 10 per cent or less total water, the carotene loss under 
sealed conditions is variable and unpredictable. Dehydrated oats, rye, and 
alfalfa have shown carotene losses in 3 months of from 0.6 to 31 per cent. 
Most of the losses varied from 5-20 per cent. The results on the influence 
of time and water level on gas prdduction and oxygen consumption are 
given in table 2. 
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Complete earotene preservation with 12.5% water and sealed storage at room temperature for 3 months. 
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It is dear from the data that carbon dioxide production and oxygen 
utilization definitely are related to both time of storage and the water levels. 
With 10 per cent of total water the rate of carbon dioxide production was 
distinctly reduced in the two materials examined. After 20 days of storage 
4.1 per cent of oxygen still remained in the Heil dehydrated product and 
10.6 per eent in the Fulmer dehydrated alfalfa. With 12.5 per cent of 
water and the same time of storage, the oxygen was reduced to 1.5 per cent 
in the first product and to 5.8 per cent, in the second product. There was 
complete carotene preservation "under sealed conditions with 12.5 per cent 
of total water in both materials on storage for 3 months at room tempera¬ 
ture. Apparently reduced oxygen tension is an important factor in caro¬ 
tene preservation but to an extent as yet undetermined. 

As the total water was increased, the reactions were more rapid. With 
20 per cent of total water, the oxygen was consumed completely in 5 days 

TABLE 3 


Effect of temperature on carbon dioxide production and oxygen consumption in dehydrated 
alfalfa with 15 % of total water (analysis at end of storage for 5 days ) 


Temperature 

• 

C0 8 

O. 


(%> 

(%) 

- 6° O. 

1.4 

39.7 

+ 5° C. 

2.0 

18.2 

+ 24° C. 

8.0 

10.5 

+ 37° C. 

19.4 

0.8 


with the Heil dehydrated alfalfa and 1.2 per cent remained in the Fulmer 
product. In 10 days the oxygen was consumed completely in the Fulmer 
material. 

In addition to the factors of time and water level on the extent of carbon 
dioxide production and oxygen consumption, the factor of temperature was 
investigated. Using the usual procedure, a dehydrated alfalfa was set up 
in glass tubes and stored for 5 days at varying temperatures with 15 per 
cent of total water. The results are given in table 3. As expected, the 
speed of the reaction was influenced markedly by the temperature as well as 
by the water level and time of storage. There was a fairly close agreement 
between the two alfalfas produced by the different drying processes in re¬ 
spect to rates of carbon dioxide production with variable water content. 
The longer exposure to a lower heat, as in the Fulmer process, still pre¬ 
served the respiratory enzymes, with the rate of carbon dioxide production 
at a given water level only slightly lower. 

Probably the differences in respiratory action of alfalfas dried by dif¬ 
ferent processes are due only partially to the temperatures and time of 
drying. The stage of growth of the plant may be important. 
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. SUMMARY 

1. The rate of carbon dioxide production and oxygen consumption by 
dehydrated alfalfa and cereal grasses under sealed conditions was studied 
at moisture levels of 10-25 per cent. The rate of respiration increased as 
the level of moisture and the temperature were increased. The extent of 
carbon dioxide production and oxygen consumption was variable with time 
at a given moisture level. 

2. The rate of carbon dioxide production in a dehydrated alfalfa with 
10 per cent of total water is less than one-third the rate observed when the 
product contains 20 per cent of total water. 

3. With 10 per cent or less of total water, the rate of carbon dioxide 
production and oxygen consumption generally is too slow to insure complete 
carotene preservation under sealed conditions. The carotene losses may vary 
from 5-30 per cent during storage at room temperatures of 22-25° C. for 
3 months. With‘12.5 per cent of total water under sealed conditions for 
3 months, both products (alfalfa, Heil Drier, and alfalfa, Fulmer Drier) 
retained completely their carotene content as well as their green color. 
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DEHYDRATED SWEET POTATOES—THEIR FEEDING 
VALUE AND DIGESTIBILITY 

L. L. BUSOFF, D. M. 8EATH, and Q. D. MILLER 
Louisiana State University, Baton Bouge 

Dehydrated sweet potatoes are being used more and more in the southern 
states as a carbohydrate feed for livestock. This has come about because 
of the increased acreage planted in sweet potatoes and the increase in the 
number of dehydrating plants. Although corn is the chief carbohydrate 
feed used, much of it has to be brought into the southern states since many 
areas cannot produce an adequate supply locally. The 1946 statistics (17) 
show that the 120,000 acres of sweet potatoes planted in Louisiana produced 
10.824,000 bushels, of which approximately 13 per cent were dehydrated. 
At present there are 67 dehydrating plants in the state, 50 of which are 
used exclusively for dehydrating sweet potatoes (18). Most of the potatoes 
dehydrated are now sold as feed for livestock, and a smaller amount is being 
used as human food. The reverse was true during the war years. 

LITERATURE REVIEW 

Investigators in Tennessee (6, 11), Alabama (8, 9), Mississippi (3), 
South Carolina (7), and Oklahoma (4, 5) have made studies of the feeding 
value of dried sweet potato meal in finishing and fattening steer calves and 
hogs and as a substitute for corn in rations of beef cattle, mules, and hogs. 
In general, dried sweet potatoes were found to be worth approximately 90 
to 95 per cent as much as com for fattening beef cattle. Mules and hogs 
did not relish dried sweet potatoes but tolerated the meal to the best ad¬ 
vantage when it replaced not more than 50 per cent, of the corn in the ration. 

Copeland (2) of Texas, in comparing dehydrated sweet ]>otato meal and 
ground shelled corn for lactating cows, reported 0.79 lb. or 3 per cent more 
milk per cow daily in favor of corn. Thus, the dried sweet potato meal was 
90 per cent as valuable as corn for milk production. Butter produced 
from cows on the sweet potato meal contained 37.98 I.U. of vitamin A per 
gram compared with 31.11 I.U. from butter produced by cows fed yellow 
corn. 

Briggs et al. (1) of the Oklahoma Station recently reported on the di¬ 
gestibility of dried sweet potatoes by steers and lambs. Alfalfa or prairie 
hay and cottonseed meal were used as basal feeds, and tests on the digesti¬ 
bility of ground yellow corn also were run for comparative purposes. On 
the dry matter basis the average T.D.N. value of the dried sweet potatoes 
for steers was 86.05, as compared to 85.80 for the com. 
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EXPERIMENTAL 

Feeding Trials 

In 1943, sun-dried sweet potato meal made from a high-starch sweet 
potato variety, L-45, was fed in comparison with ground yellow corn meal 
to 16 Holstein and 4 Jersey milking cows. The double reversal experi¬ 
mental design (16) was used. This design compared two roughages and 
also two concentrate mixtures in the same feeding trial, utilizing the analysis 
of variance. The concentrate ration consisted of three parts of dehydrated 
sweet potato meal or corn meal and one part of cottonseed meal. One per 
cent each of salt, steamed bonemeal, and oyster shell flour were added. The 
mixtures were fed to the cows at the rate of 9 lb. per pound butterfat 
produced. In addition, each cow received approximately 30 lb. of com 
silage and 17 lb. of either lespedeza or alyce clover hay daily. Daily 4 
per cent fat-corrected milk yields and butterfat yields favored the yellow 
com meal by 4.19 and 4.55 per cent, respectively. This trial indicated that 
the dehydrated sweet potato meal was equal to approximately 88 per cent 
corn. 

In 1944 a second feeding trial was conducted with 16 Holsteins and 4 
Jerseys, using a commercial dehydrated sweet potato meal of the Porto 
Rico variety. In this trial ground snapped corn (including cob and shuck), 
rather than com meal, was compared to dehydrated sweet potatoes. Ad¬ 
justment to equalize nutrient intake was made for the extra bulk caused by 
the cob and shuck by adding 20 per cent more of the ground snapped com. 
The amount of grain mixture fed was established during the 2-week pre¬ 
liminary period using the recommended nutrient requirements as set forth 
by Morrison (12). Corn silage and lespedeza hay or alyce clover hay also 
were fed, as in the first trial. Milk production for the cows on the de¬ 
hydrated sweet potatoes was 24.9 lb. per cow daily, as compared with 25 lb. 
for the cows on the ground corn. One pound of dehydrated sweet potato 
meal was equal to approximately 1.2 lb. of ground snapped com (including 
cob and shuck). Vitamin A analyses of the butterfat from milk produced 
by cows on sweet potatoes were 19 per cent higher than on butterfat pro¬ 
duced by cows on ground corn. The values were 43 I.U./g. and 35 I.U./g., 
respectively. 

In 1946 a commercial dehydrated sweet potato meal produced by utiliz¬ 
ing cull potatoes, peelings, bruised sections of potatoes, and similar material 
was used in a palatability study. This meal was darker in color than the 
previous products. It is now known that cut or spoiled potatoes turn dark 
upon dehydration. This product was not very palatable—many of the 
animals went off feed at various times. When a good quality product of 
dehydrated sweet potatoes produced from whole tubers, was,fed, normal 
amounts were eaten. 



DEHYDRATED SWEET POTATOES 


771 


Digestion Trials 

Pour dairy steers weighing from 400 to 500 lb. each were used as ex¬ 
perimental animals. The procedure used in the management of the animals 
and procuring the feed samples and excreta was the same as that reported 
in an earlier paper (13). In general, it included the use of at least a 10- 
day preliminary period and a 10-day collection period. The feces were 
collected in a canvas collection bag. A 1/50 aliquot was taken from each 
day’s fecal output for each steer and stored in a refrigerator at 0° C. until 
completion of the collection period. Nitrogen determinations were made 
on aliquots of the fresh excreta, while dried excreta samples were used for 
the other analyses. 

The basal feeds used were common lespedeza hay, alyee clover hay, or 
Kobe lespedeza hay and cottonseed meal. Digestion coefficients (13, 14, 15) 
were determined for these feeds prior to each sweet potato digestion trial. 

Trial I was made on a 1945 commercial dehydrated sweet potato meal 


TABLE 1 

Analyses of the basic feeds fed in the digestion trials (dry basis) 


Trial 

Feed 

Dry 

matter 

Crude 

jirotein 

Crude 

fat 

Crude 

fiber 

N.F.E. 



(%> 

(%> 

(%) 

(%> 

(%> 

I 

Common lespedeza hay. 

89.30 

10.52 

2.06 

35.70 

44.75 

II 

Alyce clover hay 

92.14 

13.22 

1.45 

38.62 

40.09 

III 

Alyce clover hay 

91.55 

12.77 

1.71 

39.50 

39.31 

IY 

Kobe lespedeza hay . . 

87.80 

31.53 * 

1.94 

39.92 

40.77 


Cottonseed meal 

91.53 

44.73 

6.99 

10.19 

30.33 


(Porto Rico variety), using common lespedeza hay as a basal feed. Pour to 
five pounds of dehydrated sweet potato meal were fed to each steer and 
replaced an equivalent amount of hay on the digestible protein and T.D.N. 
basis in the basal ration. The amount of hay was adjusted so that the 
animals maintained their weights during the preliminary period, after which 
the digestion trial was begun. Trial II made use of alyce clover hay and a 
1946 commercial dehydrated sweet potato meal ; trial III, of alyce clover hay 
and a 1946 commercial dehydrated sweet potato meal made from cull and 
sectioned potatoes; trial IV, of Kobe lespedeza hay and cottonseed meal and 
a 1947 commercial dehydrated sweet potato meal. Table 1 presents the 
compositions of the basal feeds on the dry basis. 

The compositions, ayerage apparent coefficients of digestibility, and 
total digestible nutrients of the dehydrated sweet potatoes on the dry basis 
for the various trials are presented in table 2. 

DISCUSSION 

The apparent variations and non-digestibility of the protein, fat and 
fiber of the dehydrated sweet potatoes, as seen in table 2, might be explained 
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by the small proportion of the total intake of these constituents in the 
ration. The apparent non-digestibility of the crude protein may be due to 
several factors, namely: (a) heating of the protein during the drying proc¬ 
ess, which could tend to make it less digestible, (b) the presence of non¬ 
protein nitrogen compounds that are not digestible, or (c) an apparent “de¬ 
pression of digestibility” as observed by Holdaway et al. (10) when a high 
carbohydrate feed such as apple pomace was added to a basal ration low in 
protein. In digestion trials with steers, Briggs et al. (1) obtained an appar¬ 
ent digestibility of crude protein in their sun-dried sweet potatoes amount¬ 
ing to 42.7 ± 8.36 per cent and 59.0 ± 7.3 per cent with prairie hay and 
cottonseed meal, and alfalfa, respectively. Their sun-dried sweet potatoes 

TABLE 2 


The composition, average apparent digestion coffiecients, and total digestible nvtricnts 
of commercial dehydrated sweet potatoes (dry basis) 


Trial 

Year 

of 

manu¬ 

facture 

Dry 

matter 

Protein 

Fat 

Fiber 

D 




(%> 

(%> 

(%) 

(%> 

<%> 


I 

1945 

92.70 

5.39 


4.21 

86.28 


II 

1946 

92.96 

5.04 

1.47 

1.67 

88.63 


TIT 

1946t 

90.40 

5.04 

0.55 

4.78 

85.99 


IV 

1947 

85.35 

4.17 

1.15 

4.46 

84.88 


Average apparent digestion coefficients 

T.D.N. 

J 

1945 


___ 



94.46 

81.06 

II 

1046 

H H 


49.07 


84.53 

76.38 

III 

1946*t 





83.47 

71.78 

IV 

1947 


- 40.29 

94.17 


88.23 

79.31 


* Analyses based on three steers only; product, made from cull and sectioned potatoes, 
was slightly unpalatable, one of the Bteers refusing to eat his quota, 
t Poor quality. 


were higher in composition of crude protein, 7.15 per cent, than the values 
of 4.17 to 5.39 per cent reported in this paper. However, these investigators 
also experienced considerable difficulty in obtaining the apparent digesti¬ 
bility of the fat and fiber from their sun-dried sweet potatoes; the apparent 
digestibility of crude fiber seemed to be enhanced by the basics feed of 
alfalfa hay. Their T.D.N. values for sweet potatoes when fed to steers 
were 81.7 with prairie hay and cottonseed meal as the basal feed and 91.4 
with alfalfa hay as the basal feed. 

In this study the coefficients of digestibility for the N.F.E. were con¬ 
sistent. As this constituent made up over 84 per cent of the dry matter in 
the dehydrated sweet potato, the apparent lack of digestibility of the other 
constituents had but small effect on the T.D.N. content. The low content 
of protein precludes this product from being an important source of this 
nutrient. , The T.D.N. values for commercial dehydrated sweet potatoes 
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ranged from 76 to 81 per cent on the dry basis; the poor quality commercial 
dehydrated sweet potatoes made from culled potatoes, peelings, and bruised 
sections of potatoes contained 71 per cent T.D.N. 

SUMMARY 

1. Dehydrated sweet potatoes made from whole tubers were palatable, 
while a poor quality product made from culled, bruised, and sectioned 
potatoes was slightly unpalatable. 

2. Feeding trials have shown that dehydrated sweet potatoes have ap¬ 
proximately 88 per cent the value of yellow r corn meal, and are approxi¬ 
mately 17 per cent more valuable than ground snapped corn, including cob 
and shuck, for milk production. 

3. Digestion trials have shown that good quality dehydrated sweet 
potatoes contained from 76 to 81 per cent T.D.N., while a poor quality prod¬ 
uct contained 71 per cent T.D.N. on the dry basis. 

4. Dehydrated sweet potatoes are of value in the dairy ration, not only 
because of the high digestibility of their carbohydrate, but also because of 
their high carotene content, which increases the vitamin A value of the 
butterfat. 
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GRASS AND LEGUME SILAGE STUDIES USING 2-QUART 
GLASS JARS AS MINIATURE SILOS 1 - 2 

K. M. AUTREY, C. B. KNODT, and P. 8. WILLIAMS 
Department of Dairy Husbandry, Pennsylvania State College 

The present emphasis on grassland farming and the recognition of grass 
silage as a practical feed have raised many questions regarding methods of 
preservation, losses that occur in the silo and investigational technics for 
silage studies. Workers at the Pennsylvania Station (12) have made ex¬ 
tensive studies of bacteriological and chemical changes in grass silage put up 
with various preservatives. The silages used in these investigations were 
stored in small wooden silos 5 feet in diameter and 20 feet high. While 
these small silos adapted themselves much better to sampling than would 
larger commercial structures, the job of procuring representative samples 
at different intervals after ensiling presented a difficult problem. 

Studies have been made using glass jars and even milk bottles as minia¬ 
ture silos (2, 4, 9), and results have shown that silage preserved in this 
manner was similar in composition and appearance to that stored in con¬ 
ventional silos. 

To study further the practicability of using 2-quart glass jars as silos, 
and to study fermentation changes under different treatments, an experi¬ 
ment was designed in the spring of 1946. 

EXPERIMENTAL PROCEDURE 

The silages used in this experiment were: A, alfalfa; B, brome grass- 
Ladino clover; C, orchard grass-Ladino clover. Each was studied under 
the following treatments: 

1— Unwilted, no preservative. 

2— Unwilted, plus 60 lb. of molasses per ton of green material. 

3— Unwilted, plus 100 lb. of hominy feed per ton of green material. 

4— Unwilted, plus 300 lb. of wheat straw per ton of green material. 

5— Wilted, no preservative. 

6— Wilted, plus 60 lb. of molasses per ton of green material. 

7— Wilted, plus 100 lb. of hominy feed per ton of green material. 

The silages hereinafter will be designated according .to the above num¬ 
bers and letters. For example, A-l is alfalfa, unwilted, with no preserva¬ 
tive added. 

Received for publication July 18, 1947. 
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The material to be ensiled was chopped with a Fox ensilage cutter set 
to cut 0.25-inch lengths. In the case of treatments 1 through 4, the material 
was prepared with the proper amount of preservative and ensiled as quickly 
as possible after cutting. In treatments 5 through 7, the crop was wilted to 
approximately 65 per cent moisture before ensiling. Each treatment was 
replicated ten times in glass jars of 2-quart capacity. It was estimated that 
one such jar would provide an adequate sample for each analysis, the analy¬ 
ses to' be made at intervals of 1, 7,14, 30, 60, and 170 days from the ensiling 
date. The silage was packed thoroughly; the jars were sealed with rubber 
jar rings and paraffin wax and stored at 60 to 70° F. 

Samples were examined at the intervals named above, and the following 
measurements and observations were made: 

(a) Odor and apparent quality of the ensiled material. 

(b) pH of the silage extract. This determination was made with a 
Beckman pH meter. 

(c) Dry matter. Moisture was removed from samples by oven-drying 
at 95° C. 

(d) Sugar. The silage extract was prepared and treated according to 
the method used by MeAuliffe (6), and sugar determinations were 
made using the method of Stiles et al. (11). 

(e) Nitrogen. Analyses were made on samples of all the silages at 
intervals of 1 and 60 days following ensiling. 

(f) Carotene. The silages in B and C groups were analyzed for caro¬ 
tene content at intervals of 1, 7, 14, and 30 days after the ensiling 
date. The method of Moore and Ely (7) was used in these deter¬ 
minations. 

Group A was ensiled about 2 months later than the other two; hence, in 
most of the data reported here, it will be considered separately from groups 
B and C. Lactic acid determinations were made on the alfalfa silages, 
samples being taken at intervals of 1, 3, 5, 7,10,14, 30, 60, and 110 days from 
the ensiling date. The lactic acid method used was a modification of that 
of Barker and Summerson (1). 

RESULTS AND DISCUSSION , 

Table 1 shows the dry matter content of the silages studied in this ex¬ 
periment, and table 2 gives an analysis of variance of these dry matter 
values. In this analysis, differences among treatments were highly signifi¬ 
cant. This was expected, since in three cases the silages were wilted. 
Although- differences among the means of the various sampling intervals 
were noticeable, there was no consistent increase or decrease in moisture 
content from the date of ensiling to 60 days later. This is not surprising, 
as there was no chance for a loss of moisture due to seepage, which might 
have occurred in a conventional silo. 
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TABLE 1 

Per cent dry matter of 14 different silages as estimated at various sampling intervals 


4rOU]> 

Interval 

from 

ensiling 

date 

(Days) 




Treatments 




1 

2 

3 

4 

5 

6 

7 

Mean 


1 

29.59 

30.53 

31.63 

38.97 

40.86 

42.31 

43.27 

36.74 


7 

28.77 

29.76 

30.44 

36.92 

40.19 

40.98 

41.51 

35.51 

B 

14 

29.22 

29.15 

30.84 

36.62 

39.29 

38.20 

41.80 

35.02 


30 

28.27 

29.24 

30.48 

38.48 

39.69 

41.26 

42.83 

35.75 


60 

29.64 

30.09 

29.53 

37.15 

39.99 

41.04 

41.93 

35.62 


Mean 

2940 

29.75 

30.58 

37.63 

40.00 

40.76 

42.27 

35.73 


3 

23.60 

23.37 

24.44 

30.00 

31.95 

32.70 

34.00 

28.58 


7 

24.49 

25.04 

26.23 

31.47 

33.16 

32.27 

34.06 

29.53 

0 

14 

22.47 

23.72 

25.89 

29.84 

32.43 

31.36 ! 

33.71 

28.49 


30 

21.01 

21.30 

24.49 

29.72 

31.12 

31.57 

33.51 

27.53 


60 

22.37 

23.52 

24.18 

29.56 

31.31 

31.54 

33.04 

27.93 


Mean 

22.79 

23.39 

25.05 

30.12 

31.99 

31.89 

33.66 

28.41 


The most striking fact revealed by this analysis is the small standard 
deviation. In group B the mean and standard deviation were 35.73 ±: 0.677, 
the coefficient of variation being 1.88 per cent. In group C, corresponding 
values were 28.41 ±: 0.608 and 2.14 per cent, respectively. Analysis of B 

TABLE 2 

Analysis of variance of dry matter content of J4 different silages 
at various sampling intervals* 


Source of variance 

Degrees of 
f rcedom 

Sums of 
squares 

Mean 

squares 


B 


Total 

:t4 

I 1002.61 


Treatment 

H 


1 (53.411 

Interval 



2.771 

Error 

mkm 


0.46 


Moan = 35.73. 

Standard deviation = 0.077, 
Coefficient of variation = 1.88%. 


C 


Total 

34 

642.85 


Treatment . . 

ti 

617.93 

102.991 

Interval . 

4 

36.05 

4.011 

Error . 

24 

8.87 

0.37 


Mean = 28.41. 

Standard deviation = 0.608. 
Coefficient of variation = 2.14%. 


* Treatment 4 was omitted from the analysis in order that uniform comparisons could 
be made of the wilted and unwilted silages, 
t Highly significant. 
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and C together, and including treatment 4, gives a general mean and stand¬ 
ard deviation of 32.07 ± 1.00. ' The coefficient of variation in this ease is 
3.12 per cent. Such small standard deviations indicate that sampling varia¬ 
tion, normally high in silage experiments, can be kept to a negligible mini¬ 
mum in carefully controlled experiments using fruit jars as miniature silos. 
It is suggested by Snedecor (10) that a 5 per cent coefficient of variation is 
an excellent value in a .well controlled field crop experiment. 

It generally is recognized that a measure of the pH of a silage provides a 

TABLE 3 

pH value8 of 21 silages at different intervals 


Group 

Interval 

from 

ensiling 

date 

(Days) 

Treatments 

1 


3 


5 

6 

Hi 

Mean 


1 

4.70 

4.53 

4.59 

BHWW 

4.98 

4.87 

4.91 

4.78 


7 

4.02 

3.92 

3.93 


4.18 

4.15 

4.12 

4.10 


14 


4.03 

4.05 


4.39 

4.19 

4.16 

4.20 

B 

30 


4.01 

3.99 

4.31 

4.09 

4.09 

4.09 

4.10 


60 


3.81 

3.99 

4.18 

4.02 

4.01 

3.99 

4.00 


176 


3.95 

4.00 

.4.33 

4.13 

4.13 

4.08 

4.09 


Mean 


4.04 

4.09 

4.43 

4.30 

4.24 

4.23 

4.17 


■n 

4.92 

4.78 

4.72 


5.19 

4.94 

5.02 

4.94 



4.20 

4.03 

4.05 

4.39 

4.50 

4.45 

4.45 

4.30 


si 

4.10 

4.09 

4.09 

4.32 

4.44 

4.30 

4.39 

4.25 

O 

■■ 

4.08 

3.98 

3.93 

4.21 

4.27 

4.18 

4.14 

4.11 



4.07 

4.00 

3.97 

4.18 

4.25 

4.16 

4.15 

4.11 



4.21 

4.01 

4.08 

4.18 

4.19 

4.11 

4.12 

4.13 



4.26 

4.15 

4.14 

4.38 

4.47 

4.36 

4.38 

4.29 


i 

5.04 

4.71 

5.98 

5.68 

5.41 

5.22 

5.39 

5.35 


3 

4.68 

• 

4.42 

4.87 

4.87 

4.53 

4.80 

4.70 


5 

4.66 

4.28 

4.39 

4.78 

4.78 

4.32 

4.67 

4.55 


7 

4.61 

* 

4.36 

4.76 

4.78 

4.28 

4.59 

4.56 

A 

10 

4.55 

• 

4.29 

4.68 

4.78 

4.28 

4.58 

4.53 


14 

4.51 

4.10 

4.20 

4.59 

4.76 

4.19 

4.52 

4.41 


30 

4.48 

« 

4.25 

4.66 


4.19 

4.43 

4.45 


60 

5.19 

* 

4.18 

4.73 

4.63 

4.21 

4.41 

4.56 


110 

4.58 

« 

4.12 

4.79 

4.62 

4.08 

4.30 

4.42 


Mean 

4.70 

4.36 

4.47 

4.84 

4.81 

4.37 

4.63 

4.62 


* Missing values due to loss of samples in storage. 


very good indication of silage quality. In this experiment, therefore, a 
careful record was made of pH values at various intervals. Table 3 shows 
the pH values of all the silages studied in this experiment. The analysis 
of variance of groups B and C is found in table 4. 

The most marked differences to .occur were among intervals. This was 
to be expected, since it is established that in the fermentation of most silages 
some time is required for maximum acidity to develop. The difference be¬ 
tween groups also was highly significant. The lower moisture content of 
the silages in group B may have had a bearing in this connection. 
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Among treatments within both the wilted and unwilted groups, the 
differences were highly significant. In two cases the molasses-treated silages 
had the lowest pH values and in two cases the hominy-treated silages were 
lowest; but in all cases the untreated silages were high. The difference be¬ 
tween wilted and unwilted silages, irrespective of variation among treat¬ 
ments, was highly significant, the mean pH of the former being 4.14 and that 
of the latter 4.33. Corresponding values for silages tested after 60 days 
from the ensiling date were 4.01 and 4.11, respectively. The discrepancy 
between these two pairs of values may be explained by the highly significant 
interaction between interval variance and the variance between unwilted 

TABIjE 4 

Analysis of variance of pE values * 


Source of variation 

I Degrees 
of 

freedom 

Sums 

of 

squares 

Mean 

squares 

Total . 

71 

7.0079 


Treatments: 

Within unwilted. 

2 

0.0767 

0.03841 

Within wilted. 

2 

0.0590 

0.02951 

Between unwilted & wilted . . 

1 

0.6574 

0.6574t 

Groups . 

1 

0.2616 

0.26161 

Intervals . 

5 

5.6152 

1.1230t 

Int. x group . 

5 

0.0711 

0.01421 

Int. x (between unw. & w.) . 

5 

0.1124 

0.02251 

Int. x within unw. 

10 

0.0234 

0.0023 

Int. x within w. . ,. . 

10 

0.0236 

0.0024 

Group x (between unw. & w.) . 

1 

0.0139 

0.0139 

Group x within unw. 

2 

0.0093 

i 0.0047 

Group x within w. 

2 

0.0052 

0.0026 

Int. x group x (between unw. & w.) . 

5 

0.0470 

0.0094 

Int. x group x within unw. 

10 

0.0154 

0.0015 

Int. x group x within w. 

10 

0.0167 

I 0.0017 


* Analysis made only on groups B and C, and treatment 4 was omitted, 
t Significant at the 1% level. 


Standard deviation = 0.075. 

General meafa = 4.233 ± 0.075. 

Coefficient of variation = 1.77%. 

and wilted silages. This discrepancy indicates that the fermentation in the 
wilted silages proceeded at a somewhat slower rate than in the unwilted 
group. Even after 170 days, some of the silages which had been wilted 
still were increasing in acidity. This characteristic of slow fermentation 
was most noticeable in the alfalfa group (see table 3, group A). 

The general mean and standard deviation for the pH values of groups 
B and C were 4.233 ± 0.075, the coefficient of variation being 1.77 per cent. 
This low coefficient of variation corroborates a previous observation that 
sampling variation in this experiment has been kept to a minimum. 

Examination of the data reported on extensive grass silage experiments 
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at the Pennsylvania Station (6) revealed a pronounced inverse relationship 
between the pH value and sugar content of grass silage. A rather marked 
direct correlation also was found between the reducing substances and lactic 
acid content of the grass silages studied in these trials. Appreciable quanti¬ 
ties of both reducing substances and lactic acid were associated with high- 
quality* grass silage. Therefore, it was deemed advisable to make sugar 
determinations at various intervals on the silages reported herein. Table 5 
contains a summary of the values derived from these determinations, and 
table 6 shows the analysis of variance. 

The analysis in table 6 shows a highly significant variation among treat¬ 
ments within both the wilted and unwilted silages. In all cases except one, 

TABLE 5 

Glucose content of 14 silages at various sampling intervals 
(Milligrams per gram of silage—dry basis) 


0 rou pH 

Interval 

from 

ensiling 

date 

(Days) 




Treatments 




1 

2 

3 

4 

5 

6 

7 

Mean 


1 

3.81 

9.14 

3.63 

3.73 

1.63 

11.97 

9.96 

5.98 


7 

12.99 

22.15 

7.68 

8.24 

16.43 

16.19 

15.07 

14.11 


14 

4.47 

9.31 

5.20 

7.87 

11.48 

15.26 

11.85 

9.35 

11 

30 

5.64 

10.79 

6.64 

8.69 

12.28 

15.68 

14.27 

10.57 


60 

6.32 

18.59 

8.27 

9.81 

12.90 

15.65 

13.96 

12.21 


170 

6.29 

14.55 

11.87 

10.82 

11.90 

14.55 

14.08 

12.01 


Mean 

6.59 

14.09 

7.22 

7.86 

11.10 

14.88 

13.20 



1 

2.37 

11.37 

2.00 

1.36 

1.88 

5.14 

3.12 

3.89 


7 

2.76 

14.02 

5.11 

3.62 

4.78 

14.24 

4.55 

7.01 

n 

14 

2.24 

7.57 

5.27 

3.55 

5.44 

9.75 

4.13 

5.42 

V 

30 

1.62 

7.82 

5.67 

5.61 

6.06 

14.08 

3.48 

6.33 


60 

4.96 

7.44 

8.42 

6.11 

8.38 

15.21 

6.89 

8.20 


170 

2.50 

5.73 

7.31 

5.18 

7.91 

14.64 

9.30 

7.51 


Mean 

2.74 

8.99 

5.63 

4.24 

5.74 

12.18 

5.25 

i 



the sugar content of the molasses-treated silage was highest; that of the 
hominy-treated silage was intermediate, and those of silages receiving no 
preservative were lowest. There also were marked differences between the 
wilted and unwilted silages, the wilted silages containing 40 per dtent and 
33 per cent more sugar than the unwilted samples in groups B and C, re¬ 
spectively. The difference between intervals also proved to be highly signifi¬ 
cant. The table likewise shows a noticeable interaction between groups and 
treatments, within the wilted silages. Although this interaction is barely 
significant, it indicates that the effects of treatment on wilted silage in group 
B were different from those in group C. In the latter group, treatment 5 
showed to a better advantage than treatment 7. This interaction further 
suggests that the moisture content of the wilted silage in C is more conducive 
to desirable fermentation than that in B (see table 1). 


MINIATURE SILOS 


781 


Silage samples from group A were analyzed for lactic acid content at 
various intervals. The results of this study are recorded in table 7. 
Analysis of variance illustrates that differences among treatments were 
highly significant. Although the means of the unwilted silages are high in 
this comparison, the wilted samples had undergone the most consistent in¬ 
crease in lactic acid content and the quality of the wilted silages apparently 
was superior to that of the unwilted silages in later stages of the experi¬ 
ment. The silage prepared with 300 lb. of wheat straw per ton developed 
decidedly less lactic acid than those under any other treatment. Differences 
among intervals were large but quite variable. 

TAHLK0 

Analysts of variance of glucose content of 14 different silages 
at various sampling intervals* 


Source of variation 

Degrees of 
freedom 

♦Sums of 
squares 

Mean 

squares 

Total 

71 

1665.893 


Treatments: 




Within unwilted 

2 

306.231 

153.1161 

Within wilted 

2 

181.148 

90.5741 

Between nil wilted & wilted 

1 

146.120 

146.1201 

Groups 

1 

352.407 

352.4071 

Intervals 

3 

278.046 

55.6091 

Int. x group 

5 

42.490 

8.498 

Jnt, x (between unw. & w.) 

5 

47.391 

9.478 

Jut. x within unw. 

10 

81.660 

8.166 

Int.x within w. 

10 

26.636 

2.636 

Group x (between unw. & w.) 

1 

15.097 

15.097 

(5roup x within unw. % 

o 

19.005 

8.503 

Group x within w. 

«> 

41.294 

20.647 1 

Jnt. x group x (between unw. & w.) 

5 

34.093 

6.839 

Int. x group x within unw. 

10 

50.240 

5.024 

Jnt. x group x within w. 

10 

44.034 

4.403 


* Analysis does not include treatment 4. 
t Significant at the 1 % level. 

+ Significant at the 5%level. 

Standard deviation - 2.588. 

General mean = 8,9(57 ± 2.588, 

Samples of the silages in all three groups were taken for crude protein 
analysis at, intervals of 1 and 60 days after ensiling. The protein content 
of the different silages is shown in table 8. The analysis of variance shows 
a highly significant treatment effect, which is due to the lower protein values 
in treatment 4. When this treatment is omitted from the analysis, treat¬ 
ment effects are not significant. 

The most pronounced effects occurred between groups, because of the 
much higher protein content of the silage in A, the alfalfa group. There 
was a highly significant difference between intervals in this analysis. In 
every case except two, the protein content of silage sampled on the first day 
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was higher than that sampled 60 days after ensiling. The average decrease 
from 1 to 60 days was 4.90 per cent. It is difficult to explain this loss in 
nitrogen but probably it was due to ammonia, formed during fermentation, 
which was lost during sampling. 

There was a noticeable interaction between treatment and groups, but 
this effect was not significant when the straw-treated silages were omitted, 
and the interaction probably has no practical importance. 

A comparison was made of treatments 1 and 3, which were unwilted, 
with 5 and 7, which were the corresponding treatments in the wilted group. 

TABLE 7 

Micrograms of lactic acid per gram of silage in group A (Dry basis) 


Interval 

from. 

ensiling 

date 

(Days) 

Treatments* 

1 

3 

4 

5 

6 

7 

Mean 

1 

13.38 

2.71 

7.23 

14.44 


7.66 


3 

44.75 

51.41 


27.79 

33.42 

29.80 

■ 

5 

34.54 

38.55 

24.85 

27.29 

37.54 

30.24 

nsi 

7 

37.53 

42.65 

26.74 

29.30 

40.64 

34.48 

35.22 

10 

27.08 


19.48 

28.38 


30.00 

29.01 

14 

65.16 

54.88 

37.17 

36.41 

43.73 

39.72 

46.18 

30 

60.76 

57.09 

33.69 

39.14 

44.14 

38.71 

45.59 

60 

37.68 

58.67 

32.53 

39.35 


39.72 

41.67 

110 

41.38 

49.21 

22.21 

34.32 

45.59 

36.70 

38.24 

Mean 

40.25 

42.74 

25.88 

30.71 

38.42 

31.89 

34.98 


Analysis of variance 


Source of variation 

Degrees of 
freedom 

Sums of 
squares 

Mean 

squares 

Total . 

53 

8878.57 


Treatment ... 

5 

1893.97 

378.791 

Interval . 

8 

5553.59 

694.201 

Error ... . 

40 

1431.01 

35.78 


* Treatment 2 has been omitted because of the loss of a number of samples in storage, 
t Significant at the 1% level. 

Standard deviation = 5.98. 

Mean = 34.98 ± 5.98. 


The wilted silage contained an average of 2.26 per cent less prote*in than the 
unwilted silage. Table 9 shows the effect of the seven treatments on caro¬ 
tene content of the ensiled crops. 

Excluding treatment 4, in which carotene values were low chiefly be¬ 
cause of the straw content, the wilted silages contained 30 per cent and 37 
per cent less carotene than the un wilted crops in groups B and C, respec¬ 
tively. Although the carotene values reported in table 9 are quite variable, 
there was an apparent increase in carotene content of the silages from the 
date of ensiling to 30 days later. In only two cases were decreases noted. 
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These results confirm those obtained at other stations (3 7 5, 8), where it was 
found that the carotene content in silage was higher than in the original 
green forage. 

The quantities of silage used in these studies precluded the possibility 
of making palatability tests or running feeding trials; but a careful record 
was kept of the odor and apparent quality of the various silages at different 

TABLE 8 

Percentage of crude protein (dry matter basis) in 18 silages at 1 day 
and 60 days after ensiling 


Groups 

Interval 

from 

ensiling 

date 

(Bays) 

Treatments* 

1 

3 

4 

5 

6 

7 

Mean 

A 

1 

60 

Mean 

B 

16.19 

15.88 

16.04 

BT3S 

EH 

E 219 
■ ^ 9 

H 

16.19 

16.38 

16.29 

15.75 

15.26 

15.51 

B 

1 

j 60 

Mean 

11.94 

10.44 

11.19 

11.75 

10.94 

11.35 

8.25 

8.00 

8.13 

10.19 

9.50 

9.85 

11.19 

10.19 
10.69 

10.63 

10.06 

10.35 

10.66 

9.86 

10.26 

C 

1 

60 

Mean 

m 

11.50 

10.81 

11.16 

9.13 

8.50 

8.82 

11.38 

11.31 

11.35 

10.81 

10.69 

10.75 

11.63 

11.00 

11.32 

19.91 

10.39 

10.65 


Analysis of variance 


Source of variation 

Degrees of 
freedom 

Sums of 
squares 

Mean 

squares 

Total ... . 

35 

263.0660 


Treatments . . 

5 

45.1541 

9.03081 

Groups . . 

2 

205.3368 

102.6684t 

Intervals . 

1 

3.3003 

- 3.30031 

Treat, x group . 

10 

7.5695 

0.75701 

Treat, x int. 

5 

0.7193 

0.1439 

Group x int. . 

2 

0.1777 

0.0889 

Treat, x group x int. ‘ 

10 

0.8083 

0.0808 


* Treatment 2 omitted because of missing data. 

Mean decrease in protein from 0 to 60 days: A = 3.13 % ; B = 7.50%; C = 4.77%. 
t Significant at the 1% level. 

Standard deviation = 0.586. 

General mean -12.14 ± 0.586. 

Coefficient of variation =4.83%. 

intervals. In general those silages with pH values of less than’ 4.2 were of 
desirable quality and well preserved. The unwilted silages in groups A 
and C, irrespective of treatment, were, in the later stages of fermentation, 
inferior to the wilted silages in the same groups. In group B this was not 
true, probably due to the relatively low moisture content of the unwilted 
silages. The only silage which was considered of poor quality and had a 
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TABLE 9 

Carotene content of grass silage under seven different treatments 
(Expressed as micro grams of carotene, per gram of silage—dry basis) 

Mean 

85.8 
69.1 

88.9 
113.3 


91.9 

101.9 
143.2 
136.5 

* Missing values due to loss of samples. 

decidedly unpleasant odor was that prepared under treatment 1 of group A. 
Some of the samples, which had a moisture content of only 60 per cent, were 
of good quality but appeared quite dry and probably would not be Ihe 
most palatable to cows. Even after 170 days, fermentation had not ceased 
in some of the silages prepared from wilted materials. 

SUMMARY 

1. On the basis of the results obtained in these experiments, it appears 
that the use of 2-quart, glass jars as miniature silos offers a convenient 
technic for studies in silage preservation. 

2. Desirable fermentation was obtained in all eases except the nnwilted, 
untreated alfalfa silage. It should be noted that in the silages of groups 
B and C there was very little clover, and the crops were in full bloom. 

3. The development of acidity was more rapid in the \inwilted than in 
the wilted silages, and even after 170 days some of the wilted silages were 
still increasing in acidity. This characteristic was especially noticeable in 
the alfalfa group. 

4. Using pH values as a measure of desirable fermentation, 60 lb. of 
molasses and 100 lb. of hominy feed, respectively, were equally effective as 
preservatives under the conditions of these experiments. Silages with 
straw added, and that wilted plus no preservative, were well preserved and 
of good quality, but were somewhat inferior to those in which preservatives 
were used. 

5. There was no destruction of carotene in any of the silages up to 30 
days following ensiling, an actual increase being noted in most cases. 

6. The mean sugar content of the wilted silages was 40 and 33 per cent 
higher than for the unwilted silages in groups B and C, respectively. 
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7. The crude protein content of samples analyzed 60 days after ensiling 
was 4.90 per cent leRs than that of silage 1 day old. There also was a slight 
loss of crude protein, attributable to wilting. 

8. Analysis of variance of dry matter, nitrogen, and pH values of the 
various silages studied here revealed a coefficient of variation of less than 
5 per cent in all cases and less than 2 per cent in some instances. This ex¬ 
tremely low variability indicates that very accurate sampling can be ac¬ 
complished by using glass jars as miniature silos. Another important ad¬ 
vantage of the miniature silo technic is that samples may be taken at any 
interval desired following the ensiling date. 

9. Evidently the fermentation changes which occur in 2-quart glass jar 
silos are similar to those which occur in commercial silos. 
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THE PLACENTAL TRANSFER AND COLOSTRAL STORAGE 
OF VITAMIN D IN THE BOVINE 1 

H. D. EATON, A. A. 8PIELMAN, J. K. LOOSLI, J. W. THOMAS, 

C. L. NORTON, and K. L. TURK 

Department of Animal Husbandry, Cornell University, Ithaca, New York 

The possible importance of prenatal and neonatal environment on the 
development and subsequent performance of dairy animals has been recog¬ 
nized for many years, but there is little experimental evidence bearing on 
this view. Recently several investigators (2, 15, 16, 23) have shown that 
the level of vitamin A in the newborn calf and in the colostrum is related 
directly to the vitamin A content of the prepartal diet. These investigations 
and the reports of rickets occurring in very young calves (1, 5) raised the 
question of the value of supplementing the prepartum diet with vitamin D. 

The objective of the study reported herein was to determine the effect of 
prepartal diet and of season, respectively, on the level of vitamin D in the 
blood plasma of the pregnant cow, in the blood plasma and the liver of the 
newborn calf, and in the colostrum of the dam. 

EXPERIMENTAL 

Animals. Four groups of Holstein cows in the Cornell University herd 
were used in this experiment. The cows were allotted to an experimental 
group according to age, condition, health, ancestry, and previous perform¬ 
ance. Two groups of four cows each were started on experiment during 
March, 1946, and one group of four cows and one group of five cows during 
August, 1946, to represent the latter part of the winter feeding period and 
the latter part of the pasture season, respectively. At each season one group 
of cows served as controls and the other group received a supplement of 
vitamin D. Each cow in the supplemented group was given 100,000 I.U. of 
vitamin D in the form of irradiated dry yeast 2 once a day for 8 weeks pre¬ 
partum. The cow's started on experiment in March were kept in the barn 
except for approximately 1 hour daily, when they were turned out for 
exercise in a cindered lot. The cows started on experiment in August were 
on pasture except for two periods of approximately 3 hours daily, when they 
were brought to the barn for feeding. The following summary gives the 
feeds fed and their carotene and vitamin D contents. Feed intakes were 
not recorded. 

Received for publication July 19,1947. 

l TUI paper is part of a thesis presented by H. D. Eaton to the Graduate School of 
Cornell University in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy. 

i Cap s ules manuf actured to contain 100,000 I.U. of vitamin D by Standard Brands, 
Inc., New York, N. Y. 
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Feed 

Timothy hay 

Description 

Spring^ 1946 

U. 8. no. 2, first cutting at full bloom to 
late maturity, and field cured. 

Carotene 

ug./lb. 

2,419 

Vitamin D 
I.U./lb . 

658 

Corn silage 

Fairly well-eared silage, early dent stage, 
containing 28 per cent dry matter on 
an air-dry basis. 

6,532 

70 

Grain 

A fitting ration consisting largely of 
cereal grains and containing 12 per 
cent total protein. 



Timothy hay 

Fall, 1946 

U. 8. no. 2, first cutting at late maturity, 
and field cured. 

3,688 

909 

Corn silage 

Well-eared corn silage, early to middle 
dent stage, containing 24 per cent dry 
matter on an air-dry basis. 

3,289 

68 

Grain 

A fitting ration consisting largely of 
cereal grains and containing 12 per 
cent total protein. 



Pasture 

Predominately bluegrass. ’ 




Samples. Maternal blood samples, taken at 8 weeks prepartum, before 
vitamin D supplementation, and at 2 weeks prepartum, were obtained be¬ 
tween 7 and 8 a.m. from the jugular vein. Saturated aqueous sodium citrate 
■was used as an anticoagulant. The sample was cooled to approximately 
40° F., and centrifuged at 2,500 r.p.m. for 20'minutes. The plasma was 
siphoned off into 100-ml. sample bottles and held at approximately 0° F. 
until assayed for vitamin D. 

Calves were slaughtered within 3 hours after birth and before, they had 
nursed. Blood plasma was treated as described above. Livers from calves, 
born in the spring of 1946 were cooled to 38° F., cut into small pieces, placed 
on an enamel tray in an oven which had a constant circulation of air pro¬ 
vided by an electric fan, and held at 60° C. for 24 hours. At the end of this 
period, they were removed from the oven, allowed to reach a constant weight 
at room temperature, ground in a Wiley mill, and held at 38° F. until 
assayed for vitamin D. After chilling to 38° F., livers from calves born 
in the fall of 1946 were frozen at 0° F., cut into small pieces, placed on small 
wire baskets in Pyrex glass desiccators containing phosphoric anhydride, 
and dried for 4 days under a partial vacuum. After drying, the livers were 
finely ground in a meat grinder and held at approximately 0° F. until 
assayed for vitamin D. The livers from calves born in the fall were freeze- 
dried because it was thought that some vitamin D might have been destroyed 
in the oven-drying procedure originally used. Limited data (10), however, 
do not indicate an appreciable difference in the two methods of drying. 

The cows were milked twice daily and the colostrum was collected from' 
the first six milkings postpartum. The colostrum was held at 34° F. until 
all six milkings were obtained. The entire yield of colostrum was heated to 
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100° F., separated with a centrifugal separator, and an aliquot of the result¬ 
ing cream was held at 38° F. until assayed for vitamin D. 

Analyses . Vitamin D determinations 8 were made according to the rat 
assay method essentially as set forth in the U. S. Pharmacopoeia XII (19). 
The approximate level of each type of sample to be fed was determined by 
preliminary assays. Photographs were made of the stained bones as a mat¬ 
ter of record. 4 The vitamin D content was calculated by establishing an 
equation for a curve of response essentially as outlined by Coward (3). In 
the case of the colostrum, it was assumed that the vitamin D was contained 
only in the fat portion. Therefore, the fat content of the colostrum and 
colostrum cream w r as determined by means of the standard Babcock pro¬ 
cedure. 

The data were treated statistically by analysis of variance to determine 
significance as described by Snedecor (14). Due to the limited number of 
observations, only those differences significant at the 1 per cent level are 
reported as statistically significant in the results. 

RESULTS 

Maternal blood plasma vitamin D values are listed in table 1. Vitamin I) 

TABLE 1 

Effect of prepartum vitamin T) supplementation on maternal plasma vitamin J) 


March—April 

| Aug.-Sept. 

No. of 
cow 

Plasma vitamin 1) 

No. of 
cow j 

Plasma vitamin D 

8 weeks* 2 weeks 

prepartum prepa rtum 

8 weeks* 2 weeks 

p repa rt um p repa rtum 


(/.IV tOO ml.) 


(l.l'./Wnml) 


Controls 


101 

72 

162 

121 

466 


107 



129 

351 

163 

111 

85 

171 

131 

193 

324 

Mean ± S.E. 

79 ±(» 

167 ±4 


337 ± 79 

244 ± 85 

Vitamin D supplemented 

1041 

115 

439 

122 

278 

475 

108 

81 

160 

126 

337 

306 

112 

112 

247 

128 

425 

437 

Mean ± S.E. 

103 ± 11 

282 ± 82 


347 ±43 

406 ± 51 

All cows 

Mean ± S.K. 

| 93 + 9 | 

1 

1 

342 ± 40 | 

1 _ 


* Before supplementation with vitamin I). 

t This cow was fed 200,000 I. U. daily of vitamin D 8 weeks prepartum. 
a These assays were made by the Laboratory of Industrial Hygiene, Inc., 76 Madison 
Ave., New York, N. Y., under the direction of Miss Grace McGuire. 

* Complete reports are on file in the Department- of Animal Husbandry, Cornell Uni¬ 
versity. 
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increased to a higher level in the sapplemented cows than in the controls, 
although this difference was not statistically significant. There was a statis¬ 
tical difference between seasons, the level of vitamin D being on an average 
two to three times higher during the fall than during the spring. 

The vitamin D content of plasma of newborn calves is presented in 
table 2. Calves from supplemented dams tended to be higher in plasma 
vitamin D in the spring and slightly lower in the fall as compared to calves 
from control dams. There is an indication of a seasonal trend. Calves from 
both groups in the fall had higher plasma vitamin D levels than calves born 
in the spring. Neither the treatment difference nor the seasonal difference 
was statistically significant. 


TABLE 2 

Effect of prepartum vitamin I) supplementation on plasma vitamin D 
in the newborn calf 


April-May 

Sept.-Oct. 

No. of dam 

Vitamin D 
in plasma 

No. of dam 

Vitamin D 
in plasma 


(I.V./1C0 ml.) 


( I.V./lOO ml.) 


Controls 


101 

107 

111 

Mean ± 8.E. 

32 

55 

52 

46 ±7 

121 

129 

131 

131 

126 

75 

111 ±18 

Dams vitamin D supplemented 

104* 

111 

122 

95 

108 

73 

126 

91 

112 

42 

128 

91 

Mean ± S.E. 

75 ±20 


92 ± 1 


* Dam fed 200,000 I.U. daily of vitamin D 8 weeks prepartum. 


No consistent differences were found between the vitamin D content of 
the livers of the newborn calves from the supplemented dams and from the 
control dams, as shown in table 3. On the other hand, there was an appar¬ 
ent seasonal trend. Both groups of calves born in the fall had higher 
levels of liver vitamin D than the calves born in the spring. This difference 
was not statistically significant. 

The vitamin D values for colostrum are presented in table 4. The aver¬ 
age vitamin D content of the colostrum was consistently higher in the 
supplemented groups than in the control groups. This difference was not 
statistically significant when comparing treatments at either season alone; 
however, when both seasons together were compared, this difference was 
statistically significant. There was a seasonal trend in colostrum vitamin D 
levels. The values during the fall were materially higher than those in the 
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TABLE 3 

Effect of prepartum vitamin D supplementation on the vitamin D content 
of the liver in the newbom oalf 


No. of dam 

Birth weight 

Liver 

Fresh weight 

I.u./g. 

Total I.U. in liver 


(ib.) 

(g.) 




April-May—Controls 


101 

97 

850 

0.08 

68 

107 

86 

846 

0.14 

118 

111 

107 

1064 

0.06 

64 

Mean ± S.E. 

. 


0.09 ±0.02 

83 ±17 

April-May—Dams vitamin D supplemented 

104* 

81 

648 

0.20 

130 

108 

86 

655 

0.07 

46 

112 

89 

667 

0.06 

40 

Mean + 8.E. 


......... 

0.11 ± 0.05 

72 + 29 

Sept.-Oct.—Controls 

121 

96 

1115 

0.30 

334 

129 

100 

862 

0.16 

138 

131 

92 

661 

0.16 

106 

Mean + S.E. 



0.21 ± 0.05 

193 ± 71 

Sept.-Oct.—Dams vitamin D supplemented 

122 

82 

642 

0.21 

135 

126 


903 

0.21 

190 

128 

90 

663 

0.05 

33 

Mean + S.E. 

. 



119 + 46 


* Bam fed 200,000 I.U. daily of vitamin D 8 weeks prepartum. 

spring. The only statistically significant difference between seasons was 
the vitamin D content per pound of colostrum. 


DISCUSSION 

These data, although limited in number and in general exhibiting a high 
degree of variability, do indicate certain trends. 

The prepartum blood plasma levels of vitamin D are in agreement with 
the work of Light et al. (8), Wallis (21), and Hibbs et al. (7) in that the 
level of plasma vitamin D is related to the dietary intake of vitamin D. Sea¬ 
sonal differences in blood plasma vitamin D have been noted earlier by 
Wallis (21). Wallis (20) has questioned the efficacy of sunlight as being 
entirely responsible for the higher levels of plasma vitamin D found during 
the summer months. 

The levels of vitamin D in the blood plasma and liver of the newborn 
calf indicate little storage in these tissues and are suggestive of limited 
placental transfer at the levels fed. In this experiment, no apparent in- 
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TABLE 4 


Effect of prepart um vitamin T) supplementation on colostrum vitamin D 



Colostrum 

Vitamin 1) content of colostrum 

No. of cow 

Total 3- 
day yield 

[ Fat 

I.U./g. 
of fat 

I.U./lb. 

of 

colostrum 

Total T.U. in 
3-dav yield 


<».) (%) 

April-May—Controls 


101 

170 

6.8 

0.65 

20 

3409 

107 

no 

3.3 

1.06 

16 

1746 

109 

165 

3.8 

1.13 

19 

3214 

111 

96 

5.2 

0.72 

17 

1630 

Mean ± S.E. 

180 ±19 

4.8 ± 0.8 

0.89 ±0.12 

18 ± 1 

2500 ±471 


April-May—Vitamin D supplemented 


104* 

148 

4.2 

4.00 

76 

11278 

106 i 

165 

5.5 

3.49 

87 

14367 

108 I 

102 

4.0 

1.96 

36 

3627 

112 

106 

5.6 

1.66 

42 

4470 

Mean ± S.E. 

130 ±16 

4.8 ± 0.4 

2.78 ± 0.57 

60 ±12 

8436 + 2(516 



Sept .-Oc t.—Con t r ol s 



127 

88 

4.8 

0.70 

15 

1341 

129 

57 

2.5 

0.83 

0 

336 

131 

66 

4.4 

2.53 

50 

3332 

133 

1 124 

4.5 

3.18 

65 

8049 

Mean ± S.E. 

84 ± 15 

4.1 ± 0.5 

1.81 ±0.62 

35 ± 13 

3314 ±1684 


Sept.-Oet.—Vitamin D supplemented 


122 

48 

3.9 

5.12 

91 

4347 

126 - 

113 

5.5 

6.52 

163 

18381 

128 

89 

6.1 

8.12 

225 

19997 

132 

107 

4.4 

2.01 

40 

4293 

Mean ± S.E. 

89 ±15 

5.0 ± 0.5 

5.44 ± 1.30 

130 ±40 

11755 


* This cow was fed 200,000 J.U. daily of vitamin L 8 weeks prepartum. 


crease was obtained. Since Toverud and Ender (18) have reported that 
the level of vitamin D contained in livers of stillborn infants is related to 
the prepartal diet of the mother, it is possible that the level of prepartal 
supplementation of vitamin D used in this experiment was not sufficiently 
high to demonstrate an increase. Guerrant et al. (4) have suggested that 
the differences in the vitamin D content of blood plasma and liver at 6 
months of age of calves born in September as compared to those levels found 
in calves born in November were due to prenatal influence. The data re¬ 
ported herein would seem to substantiate this view. 

The eolostral storage of vitamin D was found to be related to dietary 
intake of vitamin D. Polskin et al. (13) concluded that prepartal feeding 
of fish liver oil was not an effective way to increase the vitamin D content 
of mother’s milk. They did observe a variable increase in the vitamin D 
content of milk samples drawn the first 7 to 9 days postpartum from mothers 















VITAMIN D IN THE BOVINE 


793 


fed prepartum varying amounts of fish liver oil. The level of vitamin D 
in the milk of the cow has been found to be related to the dietary intake of 
vitamin D and, in addition, seasonal trends in the vitamin D content of milk 
have been reported and correlated with the amount of sunshine (22). 

The value of prepartal vitamin D supplementation to the cow and the 
newborn calf was not determined. Hibbs et al. (6) have not been successful 
in preventing milk fever by prepartal supplementation of vitamin D. Tn 
other species there have been reports (9, 11, 12, 17) of possible beneficial 
results to the mother and her newborn. 

SUMMARY 

The effects of supplementing the dry cow ration with 100,000 I.T T . of 
vitamin 1) in the form of irradiated yeast once daily for 8 weeks prepartum 
at two different seasons of the year have been studied. The following results 
were obtained: 

1. An increase in the vitamin D content of the blood plasma was ob¬ 
served in those cows receiving the vitamin D supplement as compared to 
those levels obtained in the noil-supplemented cows. 

2. No eonsisteint differences were found in the vitamin D content of 
blood plasma and liver of newborn calves from supplemented dams as com¬ 
pared to newborn calves from control dams. 

3. The colostral storage of vitamin D was materially increased by pre¬ 
partal supplementation of vitamin I). 

4. There was a seasonal trend in vitamin T) content of maternal blood 
plasma, blood plasma and liver of the newborn calf, and colostrum. The 
values obtained during the latter part of the pasture season were materially 
higher than those values obtained at the latter part of the spring feeding 
period. 
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THE EFFECT OF A MASSIVE DOSE AT BIRTH OF VITAMINS A 
AND D UPON BLOOD PLASMA LEVELS AND LIVER 
STORAGE IN HOLSTEIN CALVES 1 

H. D. BATON, A. A. 8PIELMAN, J. K. LOOSLI, J. W. THOMAS, 

C. L. NORTON, and K. L. TURK 

Department of Animal Husbandry, Cornell University, Ithaca, New York 

Inasmuch as the newborn calf usually is deficient in vitamins A and D, 
and colostrum supplies variable amounts of these essentials, it has been sug¬ 
gested that a massive dose of these vitamins at birth might be beneficial to 
the young calf. Hibbs and Krauss (6) have shown that feeding large 
amounts of vitamin A on the third and tenth day of age maintained higher- 
than-normal blood plasma levels and liver storage of vitamin A for a period 
of 30 days. 

The study reported herein was undertaken to determine the effect of a 
single massive dose of,vitamins A and D at birth on the level of carotene, 
vitamin A, and vitamin D in the blood plasma from birth to 42 days of age, 
and on the storage of carotene, vitamin A, and vitamin D in the liver at 84 
hours of age. 

EXPERIMENT I 

Animals. Twelve purebred Holstein calves born in the Cornell Univer¬ 
sity herd during March, April, and May, 1946, were used for the studies on 
blood plasma. They were placed in individual pens at birth. The dams of 
these calves received similar prepartum treatment. Two vitamin pellets, 2 
each containing 125,000 I.U. of vitamin A, 25,000 I.U. of vitamin D, and 
250 mg. of niacin chloride, were given by balling gun to alternate calves at 
the time of the first feeding of colostrum. The feeding schedule was as 
follows: 


Age (days) 

Feed 

1-3 * 

6 lb. of colostrum 

4-7 

6 lb. of herd milk 

8-14 

7 lb. of herd milk 

15-35 

8 lb. of herd milk and free access to calf starter 
and hay 

36-42 

6 lb. of herd milk and free access to calf starter 
and hay 


The first feeding was 4 hours after birth and twice daily thereafter. 
Nipple pails were used for the first 28 days. The colostrum, which was 
Received for publication July 25,1247. 

1 This paper is part of a thesis presented by H. D. Baton to the Graduate School of 
Cornell University in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy. 

» Manufactured by Standard Brands, Inc., New York, N. Y. 
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collected from cows fed winter rations, was pooled and held at 0° F. • It con¬ 
tained 254 ix g. of carotene, 1,143 /xg. of vitamin A, and 23 I.U. of vitamin 
D per lb. The Holstein herd milk was produced under winter feeding 
conditions. An aliquot of daily samples of this herd milk collected during 
the course of the experiment contained 48 /ig. of carotene, 95 /*g. of vitamin 
A, and 10 I.U. of vitamin D-per lb. The hay was predominantly second- 
cutting U. S. no. 1 timothy and contained 11,105 /*g. of carotene and 980 
I.U. of vitamin D per lb. The calf starter contained 862 /xg. of carotene and 
1,347 I.U. of vitamin D per lb. The calves had free access to water at all 
times. 

The possibility of infectious scours was eliminated by giving each calf 
4 g. of sulfathalidine twice daily by balling gun for the first 3 days after 
birth, and once daily for the next 7 days. Later cases of scours were treated 
by reducing the allowance of milk and feeding a mixture of kaolin, pectin, 
and sulfathiazole. Incidence and severity of scours were recorded. Calves 
were weighed at birth and once weekly thereafter. 

Samples. Blood samples were obtained at the end of the colostral feed¬ 
ing period (3 days) and at weekly intervals thereafter. These samples 
were drawn between 7 and 8 a.m. from the jugular vein, and saturated 
aqueous sodium citrate was used as an anticoagulant. The samples were 
cooled to approximately 40° F., and all but 2 to 5 ml. (for total hemoglobin 
determination) were centrifuged at 2,500 r.p.m. for 20 minutes. Vitamin 
A and carotene and total blood hemoglobin were determined the same morn¬ 
ing the samples were drawn. The remainder of the plasma was held at 
0° F. until assayed for vitamin D. 

Analyses. Blood plasma vitamin A and carotene were determined by 
the method of Kimble (8),-and total blood hemoglobin by the method of 
Evelyn and Malloy (4). An Evelyn photoelectric macrocolorimeter was 
used; it previously had been standardized against crystalline carotene in 
petroleum ether and against crystalline vitamin A in chloroform. 

Vitamin D determinations* were made according to the rat assay method 
essentially as set forth in the U. S. Pharmacopoeia XII (17). The approxi¬ 
mate level of each type of sample to be fed was determined by preliminary 
assays. Photographs 4 were made of the stained bones as a matter df record. 
The vitamin D content was calculated by establishing an equation for a curve 
of response essentially as outlined by Coward (2). 

The data were treated statistically by analysis of variance to determine 
significance as described by Snedecor (13). Due to the limited number of 
observations, only those differences significant at the 1 per cent level are 
reported as statistically significant in the results. 

» These assays were made by the Laboratory of Industrial Hygiene, Inc., 76 Madi- 
son Ave., New York, N. Y., under the direction of Hiss Grace McGuire. 

♦ Complete records are on file in the Department of Animal Husbandry, Cornell Uni¬ 
versity. * 
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Results . The blood plasma level of carotene, vitamin A, and vitamin 
D, and the total hemoglobin of whole blood are presented in table 1. 

The carotene content was significantly lower throughout the entire 
experimental period for calves fed the supplementary vitamins. For any 
one age this difference was not statistically significant. Both groups of 
calves showed a significant elevation of blood plasma carotene with an in¬ 
crease in age. There was significant variation among calves within a group 
during the experimental period. 


TABLE 1 

The effect of a massive dose at birth of vitamins A and 1) upon plasma carotene , 
vitamin A, vitamin D f and total hemoglobin from 8 to 42 days of age * 




Age (days) 



3 

14 

21 

28 

35 

42 


Carotene—jig./lOO ml. plasma 


Controls 

Vitamin-supple¬ 

mented 

6.7 ±3.5 

7.7 ± 2.0 






Vitamin A—p,g./100 ml. plasma 

Controls 

15.3 ±2.6 

13.5 ± 1.4 

12.0 ±1.7 




Vitamin-supple- 







mented . 

22.7 ± 3.8 

3 7.1 + 2.3 

12.3 + 1.2 j 





Vitamin D—I.U./100 ml. plasma 


Controls 

Vitamin-supple¬ 

67 ±13 


40 ±11 



55 ±7 

mented 

151 ±38 


348 ± 18 



90 ±12 


Total hemoglobin—g./lOO ml. whole blood 


Controls 

10.46 ±0.37 





8.67 + 0.28 

Vitamin-supple¬ 

mented 

10.87 ±0.45 



Hi 

m 

8.82 ± 0.34 


* Each value represents the mean ± standard error for 6 calves. 


The level of vitamin A in the blood plasma of the vitamin supplemented 
calves was significantly higher than that of the controls throughout the 
entire experimental period. At any one age this difference was not statisti¬ 
cally significant. Calves within a group varied significantly with age and 
among individuals. 

Blood plasma vitamin D values were significantly higher during the 
entire experimental period for the vitamin-supplemented calves. For any 
particular time, the only statistically significant difference was at 21 days 
of age. Calves within a group did not exhibit statistically significant dif¬ 
ferences with age or among individuals. 

Total hemoglobin was determined to establish some normal values for 
calves raised on a limited whole milk-dry calf starter method. No signifi- 
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cant difference in the total hemoglobin level between groups was observed. 
Calves decreased significantly in the total hemoglobin level with an increase 
in age. Significant variation was found among individual calves. 

No significant differences were found in the consumption of starter or 
hay, liveweight increases, and incidence or severity of scours. 

EXPERIMENT II 

Animals. Six purebred Holstein calves dropped in the Cornell Univer¬ 
sity herd during June, July, and August, 1946, were used in the experiment 
on storage in the liver. They were placed in individual pens at birth. The 
dams of these calves received similar prepartum treatment. Two vitamin 
pellets identical to those previously described were given by balling gun to 
alternate calves at the time of the first feeding of colostrum. The feeding \ 
schedule was as follows: 

Age (hours) ‘ Feed* 


6 

3 lb. colostrum 

18 

3 lb. colostrum 

30 

3 lb. colostrum 

42 

3 lb. colostrum 

54 

3 lb. reconstituted skim milk 

66 

3 lb. reconstituted skim milk 

84 

Calf slaughtered 


* Calves nos. 2 and 11 were fed colostrum and reconstituted skim milk in amounts 
representing 8 per cent of their liveweight at birth. 

Nipple pails were used throughout the experiment. The colostrum, 
which was collected from Holstein cows which had been on pasture prior to 
calving, was pooled and held at 0° F. This colostrum contained 528 /*g. of 
carotene, 504 /ig. of vitamin A, and 24 I.U. of vitamin D per lb. Carotene 
and vitamin A were not detected in the dried skim milk. 

Samples. Blood samples were drawn before each feeding and at the 
time of slaughter. Treatment of these samples was identical to that de¬ 
scribed in experiment I. • 

The livers were cooled to 38° F., cut into small pieces, and placed on an 
enamel tray. Aliquots were taken for carotene and vitamin A* analyses; 
the tray then was placed in an oven which had a constant circulation of air 
provided by an electric fan, and held at 60° C. for 24 hours. The livers 
then were removed from the oven, allowed to reach a constant weight at 
room temperature, ground in a Wiley mill, and held at 38° F._ until assayed 
for vitamin D. 

Analyses. The analytical methods and statistical treatments used were 
identical to those described in experiment I. The carotene and vitamin A 
contents of the livers were determined by the method of Davies (3) within 48 
hours after slaughter. 
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TABLE 2 

The effect of a massive dose at birth of vitamins A and T) upon plasma carotene and 
plasma vitamin A from 6 to 84 hours of age * 



Carotene pg./lOO ml. plasma 

Vitamin A pg./100 ml. plasma 

Age 

Controls 

Vitamin- 

supplemented 

Controls 

Vitamin- 

supplemented 

(hr.) 

6 

3.0 ±1.0 

2.3 ±1.5 

5.3 ± 3.0 

5.7+ 3.1 

18 

4.7 ±0.9 

4.7 ±1.8 

8.4 + 4.9 

24.6 +15.3 

30 

9.3 ±1.3 

9.7 ± 3.5 

10.5 ±5.4 

29.7 ± 18.0 

42 

13.0 ±2.1 

13.7 ±3.0 

12.6 ± 6.6 

17.6+ 9.2 

54 

17.0 ±1.0 

18.7 ±3.5 

J 5.1 ±8.4 

30.7 ± 20.7 

66 

13.7 ±0.9 

19.0 +• 2.5 

11.7 ±6.3 1 

89.8 ±48.0 

84 

14.7-4.1.8 

16.3 ±2.6 

9.6 ± 5.3 ! 

28.9 ± 15.4 


* Each value represents the mean + standard error for 3 calves. 

Results . The level of carotene anti vitamin A in the blood plasma is 
presented in table 2. Plasma carotene was not significantly different be¬ 
tween groups. There was a tendency for the level of carotene in the plasma 
to drop after the feeding of reconstituted skim milk. Calves within a group 
varied significantly in plasma carotene levels. The level of vitamin A in 
the blood plasma was significantly higher in the vitamin-supplemented 
calves for the entire experimental period. A marked elevation in plasma 
vitamin A resulted in the vitamin-supplemented calves after a feeding of 
reconstituted skim milk. Calves within a group showed significant varia¬ 
tion with age and among individuals. 

The mean blood plasma level of vitamin D at 84 hours of age was 42 db 13 
I.U. for the controls and 154 dt 27 I.U. for the vitamin-supplemented calves. 
This difference, although marked, was not statistically significant. 

The carotene, vitamin A, and vitamin D contents of the livers are pre¬ 
sented in table 3. Liver carotene was approximately the same for both 


TABLE 3 

The effect of a massive dose at birth of vitamins A and D upon the liver carotene, 
liver vitamin A , and liver vitamin D at 84 hours of age * 


Carotene t 

% Vitamin At 

Vitamin Dt 

ng./g. Total ng. 

liver in liver 

liver 

Total ng. 
in Uver 

Total I.U. 
in liver X 

[ I.V./K- j 

[ liver 

Total I.U. 
in liver 

Controls 

0.53 ± 0.07 ) 421 + 78 4.26 ± 0.86 

3267 + 623 

13770 + 2398 

0.14 ±0.04 

110 ±26 

Vitamin supplemented 

0.63 + 0.12 442 + 74 



175054 + 8709 2.24 ±0.21 

1606 + 235 


* Each value represents the mean ± standard error for 3 calves, 
t Expressed on a wet basis. 

X Assuming 0.6 pg. carotene = 1 I.U. of vitamin A and 0.25 pg. vitamin A = 1 I.U. 
of vitamin A. 
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groups of calves. The levels of vitamin A and vitamin D were ten times 
higher in the vitamin D-supplemented calves than in the control calves, and 
these differences were statistically significant. 

DISCUSSION 

These data indicate that the blood plasma level of vitamins A and D 
may be maintained at a level higher than normal by the administration of 
a massive dose of these vitamins at birth to the Holstein calf. The apparent 
reason for this is the relatively high liver storage obtained after the ad¬ 
ministration of these vitamins. 

The general trends of the levels of carotene and vitamin A in the blood 
plasma of the control calves are in agreement with those reported by Moore 
mid Berry (11,12) for Holstein calves. 

The depression of the carotene level in the blood plasma from 3 to 42 
days of age in those calves fed the vitamin supplement has been observed 
previously in lactating cows fed relatively high doses of vitamin A. This 
recently has been discussed by Wise et al. (18). The mechanism involved 
is yet unknown. Apparently considerable time is necessary for the factor 
or factors which cause this depression in plasma carotene to act, for no such 
depression was noted until the second week after administration of the large 
dose of vitamin A. 

The maintenance of higher-than-normal blood plasma levels of vitamin 
A in the vitamin-supplemented calves is in agreement with the work of 
Sutton and Kaeser (16) and Hibbs and Krauss (6). A massive dose of 
vitamins at birth is as effective as daily doses or two massive doses at 3 and 
10 days of age in maintaining high blood plasma levels of vitamin A. 

After a feeding of reconstituted skim milk, there was a marked elevation 
in the blood plasma level of vitamin A in those calves receiving the vitamin 
supplement. Apparently at high levels of liver storage of vitamin A there 
is a mobilization of the vitamin A from the liver and other depots into the 
blood stream. 

By the administration of a single massive dose of vitamin A at birth to 
the calf it is possible to obtain greater liver storage of total vitamin A than 
that obtained by prepartal feeding, as reported by Spielman al. (15). 
Although the administration of vitamins at birth is more economical, the 
possible benefit to the calf in its intrauterine development through prepar- 
tum supplementation of its dam with vitamin A should not be overlooked. 
Studies by Hibbs and Krauss (6) and Spielman et al. (14) have shown that 
massive doses of vitamins have not resulted in improved performance. 

It should be noted that the vitamin pills used contained niacin chloride. 
The influence of the sparing action of niacin on vitamin A (10) may be dis¬ 
regarded, since recently Johnson et al. (7) have found niacin to be unes¬ 
sential in the diet of the calf. Moreover, Hibbs and Krauss (6) have re- 
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ported no effect on blood plasma levels or liver storage, of vitamin A with 
the daily addition to the diet of 50 mg. of niacin. 

The small recovery of vitamin D in the livers of the vitamin-supple¬ 
mented calves is in agreement with the work of Guerrant et al (5). These 
workers found relatively small differences in liver storage of vitamin D with 
wide difference in dietary intake of vitamin D. A possible loss of vitamin 
D in the oven-drying method has been investigated by Loosli et al (9). 
Preliminary evidence indicates no appreciable loss between oven-dried and 
freeze-dried liver. 

The decrease in total hemoglobin with an increase in age in young calves 
has been observed previously by Anderson et al (1) and by others. 

SUMMARY 

The effect of a massive dose of vitamins A and D fed to Holstein calves 
at birth has been studied. The following results were obtained: 

1. A significant depression in the levels of carotene in the blood plasma 
occurred in those calves which received the vitamin supplement as compared 
to those in the control group. This depression was apparent 2 weeks after 
the administration of the massive dose of vitamins and continued until the 
end of the experimental period at 6 weeks of age. The levels of both vita¬ 
min A and vitamin D in the blood plasma of the vitamin-supplemented 
calves were significantly higher than those levels for the control calves. 

2. The storage of vitamins A and D in the livers of the vitamin-supple¬ 
mented calves was ten times higher than that found in the control calves. 
No appreciable differences in liver carotene storage were observed. 

ACKNOWLEDGMENTS 

The authors are grateful to Standard Brands, N. Y., N. Y., for a grant 
which defrayed the cost of the vitamin D assays reported herein, and to 
Miss Grace McGuire of the Laboratory of Industrial Hygiene, Inc., N. Y., 
N. Y., for her aid* in the vitamin D assays. Further acknowledgment is 
made of the assistance of Dr. R. W. Bratton, Department of Animal Hus¬ 
bandry, Cornell University, in the statistical analysis of the data, and Mr. 
Paul Dean, Department of Animal Husbandry, Cornell University, for the 
care of the experimental animals. 

REFERENCES 

(1) Anderson, A, K., Gayley, H. E., and Pratt, A. D. Studies on Chemical Com¬ 

position of Bovine Blood. Jour. Dairy Sci., 13: 336-348. 1930. 

(2) Coward, K. H. Biological Standardization of the Vitamins. Wm. Wood and 

Co., Baltimore, Md. 1938. 

(3) Davies, A. W. The Colorimetric Determination of Vitamin A by Alkali Digestion. 

Biochem. Jour., 27: 1770-1775. 1933. 



802 


H. D. EATON, ET AL. 


(4) Evelyn, K. A., and Malloy, H. T. Microdetermination of Oxyhemoglobin, Met* 

hemoglobin and Sulfhemoglobin in a Single Sample of Blood. .Tour. Biol. 
Chem., 126: 655-662. 1938. 

(5) Guerrant, N. B., Mobck, B. A., Bechdel, S. I., and Hilston, N. W. Storage" of 

Vitamin D in Tissues of Growing Calves. Soc. Expt. Biol, and Med. Proc., 38: 
827-831. 1938. 

(6) Hibbs, J. W., and Krauss, W. E. The Effect of Supplementary Vitamins on 

Blood Composition, Liver Storage, and Incidence of Scours in Calves. Jour. 
Dairy Sci., 80: 115-120. 1947. < 

(7) Johnson, B. C M Mitchell, H. H., Hamilton, T. S., and Nevens, W. B, Vitamin 

Deficiencies in the Calf. Federation Proc., 6: 410-411. 1947. 

(8) Kimble, M. S. The Photocolorimetric Determination of Vitamin A and Carotene 

in Plasma. Jour. Lab. and Clin. Med., 24: 1055-1065. 1939. 

(9) Loosli, J. K., Eaton, H. D., and Spielman, A. A. Unpublished Data. Depart¬ 

ment of Animal Husbandry, Cornell Univ. 1947. 

(10) Lundquist, N. S., and Phillips, P. H. Certain Dietary Factors Essential for the 

Growing Calf. Jour. Dairy Sci., 26: 1023-1030. 1943. 

(11) Moore, L. A., and Berry, M. H. Effect of Colostrum on the Vitamin A and Caro¬ 

tene Content of Blood Plasma of New-born Calves. Jour. Dairy Sci:, 27: 867- 
873. 194*. 

(12) Moore, L. A., and Berry, M. H. Vitamin A and Carotene Content of the Blood 

Plasma of Dairy Calves from Birth up to Four Months of Age. Jour. Dairy 
Sci., 28: 821-826. 1945. 

(13) Snedecor, G. W. Statistical Methods. 3rd Ed. Iowa State College Press, Ames, 

Iowa. 1940. 

(14) Spielman, A. A., Dalrymple, D. B. H., Norton, C. L., Loosli, J. K., and Turk, 

K. L. Unpublished Data. Department of Animal Husbandry, Cornell I T niv. 
1947. 

(15) Spielman, A. A., Thomas, J. W., Loosli, J. K., Norton, C. L. f and Turk, K. L. 

The Placental Transmission and Fetal Storage of Vitamin A and Carotene in 
the Bovine. Jour. Dairy Sci., 29: 707-715. 3946. 

(16) Sutton, T. S., and Kaeser, H. E. Some Physiological Effects of Extending the 

Colostrum Feeding Period of Dairy Calves. Jour. Dairy Sci., 29: 13-26. 1946. 

(17) IT. S. Pharmacopoeia. XII Revision. Mack Printing Co., Easton, Pa. 1942. 

(18) Wise, G. H., Atkeson, F. W m Caldwell, M. .7., Parrish, I). B., and Hughes, J. S. 

Effect of High Vitamin A Intake on Milk and Fat Yields and on Vitamin A 
Constituents in Milk, Blood, and Livers of Dairy Cows. Jour. Dairy Sci., 30: 
279-291. 1947. 



JOURNAL OF DAIRY SCIENCE 


Volume XXX November, 1947 Number 11 


A STUDY OF THE CHANGES- OCCURRING IN THE FAT CON¬ 
STANTS OF MILK FAT OF CHEDDAR CHEESE 
DURING THE RIPENING PROCESS 

J. J. SHEURINGi and 8. L. TUCKEY 
Department of Dairy Husbandry, University of Illinois, Urbana 

The determination of the chemical changes occurring in the various 
constituents of Cheddar cheese and their effect on flavor development during 
ripening have been the object of numerous investigations. The effects on 
the flavor of the changes in the various nitrogenous fractions, the rate and 
amount of acid development, production of volatile acids, and the microflora 
of the cheese have received considerable attention. Less attention has been 
directed toward determining changes occurring in the cheese fat than in the 
protein fraction. 

A survey of the literature did not reveal any studies pertaining to the 
changes occurring in the fat constants of cheese fat during the ripening 
process comparable with studies made on butterfat. Therefore, the pur¬ 
pose of the investigation reported herein was to determine the relationship 
between changes in the fat constants of cheese fat and flavor development 
of the cheese. The problem was divided into three parts to determine the 
effect of the following factors on changes in the fat constant values and 
flavor development: (a) pasteurization of the milk, (b) homogenization of 
the milk, and (c) the addition of organic acids to the milk and cheese curd. 

REVIEW OF THE LITERATURE 

The literature on cheese ripening is so extensive that only those papers 
pertaining to chemical changes in cheese fat will be reported. As early as 
1891 Van Slyke (11) recognized that the fat of cheese changed in flavor 
during ripening. It was his opinion that the change in the fat was pri¬ 
marily hydrolytic, releasing free fatty acids. These later combined with 
ammonia, liberated from protein hydrolysis, to form ammonium salts of the 
acids., Suzuki et dL. (10) in 1910 showed that the non-nitrogenous products 
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formed during the ripening of Cheddar cheese contributed appreciably to 
its flavor. These investigators were the first to partition, by the Dudaux 
technique, the volatile acids obtained from steam distillation of Cheddar 
cheese. Furthermore, their results showed that: (a) Acetic and propionic 
acids reached a maximum at 3 months and then decreased, whereas butyric 
and caproic acids continually increased throughout the experimental period 
of 10 months, (b) The principal source of acetic and propionic acids prob¬ 
ably was lactates, with protein and glycerine contributing only small 
amounts, (c) The principal sources of butyric and caproic acids were the 
fat and the protein. Suzuki et of. (10) produced a distillate having the 
aroma of aged cheese and containing alcohols and esters. The alcohol was 
primarily ethyl with esters of acetic acid and ethyl alcohol. Skim milk 
cheese distillate contained the esters of butyric and caproic acids and ethyl 
alcohol. 

Lane and Hammer (6) showed that as cheese ripened the acidity of the 
fat increased. Furthermore, the acid values of the fat from raw milk 
cheese normally were higher than those of fat from cheese made from pas¬ 
teurized milk. Lane and Hammer (7) later published results demonstrat¬ 
ing that cheese made from milk standardized with raw homogenized cream 
and raw or pasteurized skim* milk commonly developed a rancid flavor 
which gradually disappeared during ripening. The resulting flavor of the 
ripened cheese was typical. The fat acidity of this cheese was higher and 
its flavor more pronounced than that of cheese made from pasteurized, 
homogenized cream and pasteurized skim milk. However, when the rancid¬ 
ity was induced by pancreatin, this flavor did not disappear during ripening 
and the resulting product was undesirable. The addition of desiccated 
mammary tissue or extracts of them to pasteurized milk commonly had a 
desirable effect on the flavor of the cheese. Although slight rancidity 
occurred during the early period of ripening, it finally disappeared, pro¬ 
ducing a desirable Cheddar cheese flavor. The fat acidity was higher than 
that of the control, suggesting some relationship between fat acidity and 
development of desirable flavor. However, the authors state that fat acidity 
is not always a true index of a typical and desirable flavor in cheese for 
“. . . perhaps changes other than simple hydrolysis are neceslary in the 
development of the typical flavor.” 

Babel and Hammer (2) in 1945 continued the study of fat hydrolysis 
in cheese and showed that, without the addition of lipase, the acidity of the 
fat of pasteurized milk cheese increased during the ripening period. With 
the addition of rennet paste, the fat acidity increased and a rancid flavor 
developed which frequently disappeared during ripening, leaving a desir¬ 
able cheese. However, the rancidity induced by the lipase of mulberry 
juice when added to pasteurized milk in sufficient quantities to promote 
hydrolysis of the fat produced unclean flavors in the cheese. 
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In an attempt to standardize and determine the validity of the results 
of certain chemical procedures which have been used to secure the volatile 
acids of cheese, Hiscox and Harrison (4) made a critical study of various 
techniques. Their results showed that direct steam distillation of the cheese 
did not give a true figure for the volatile acids present in cheese, since 
cheese fat retarded distillation and cheese protein produced a definite reten¬ 
tion of some of the acids. A more accurate figure could be obtained by dis¬ 
tilling to twice the original volume than by distilling to five times the 
original volume. Only butyric acid could be recovered completely, regard¬ 
less of the amount of distillate. 

Hiscox et al. (5) then recommended a procedure based on water extrac¬ 
tion of the fatty acids from cheese and ether extraction of the fat and fat- 
soluble fatty acids, the latter being removed by washing the ether with dilute 
alkali. The acids in the extractions were freed by acidifying and steam 
distilling. 

Marquardt and Dahlberg (8), following the work of Hiscox and Har¬ 
rison (4), standardized the size of cheese sample distilled and the volume 
of water used for distillation. Since the completion of the experimental 
work reported in the present paper, Smiley et al. (9) have simplified the 
procedure of Hiscox et al. (5). Their method employs two distillations of 
acid cheese solution—one associated with the fat phase and the other with 
the residual cheese material. The total volatile acidity is the sum of the 
titrations for the two distillations plus the alcohol used to rinse the con¬ 
denser. Results are expressed as ml. of N/10 acid per 100 g. of cheese. 
The authors showed good agreement in comparing results obtained by the 
simplified extraction and the method of Hiscox et al. (5). 

EXPERIMENTAL PROCEDURES 

Cheese Manufacturing Methods . Fourteen samples of cheese were made 
and analyzed. The milk used for all the cheese was of high quality, being 
obtained from the University dairy herd. The different lots of milk varied 
in weight from 250 to 3,000 lb. The milk was clarified, tested for fat (3.8 
per cent average), pasteurized in a spray vat at 143° F. for 30 minutes, and 
cooled to the setting temperature for cheesemaking. The manufacturing 
methods were such as to make a low-acid type of cheese containing 35-36 per 
cent moisture. However, w r hen organic acids were' added to the milk or to 
cheese curd, undesirable acid defects developed. The cheese was ripened at 
50° F. Samples were taken for analysis at 30-day intervals, at which time 
the cheese also was judged organoleptically. 

Chemical Methods of Analysis . The samples of fat used for chemical 
analysis were' obtained by petroleum ether extraction of the cheese in a 
Soxhlet extraction apparatus. Sufficient cheese was extracted over a 
4- to 6-hour period to furnish enough fat to make the various determina¬ 
tions. The following determinations were made on the cheese fat: 
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a. The acid number was determined by the method discussed by Brea- 
zeale and Bird (3) and listed as modification A of the alcoholic potassium 
hydroxide titration method. The acid number is expressed as the number 
of ml. of N/10 alkali per 10 g. of fat. 

b. Reichert-Meissl number, Polenske number, saponification number, 

iodine number (Part III), and percentages of soluble acids (as butyric), 
and insoluble acids were determined by the methods of the Association of 
Official Agricultural Chemists (1). „ 

c. Total volatile acidity of cheese was determined by the method of 
Hiscox and Harrison (4) as modified by Marquardt and Dahlberg (8). It 
was known that lower values would be obtained than if the refined method 
of Hiscox et ai. (5) had been used. The value is expressed as the number 
ml of N/10 NaOH per 200 g. of cheese. 

RESULTS AND DISCUSSION 

To simplify the presentation of data and results, the problem will be 
discussed in three parts. 

Part I. The Effect of Pasteurization of the Milk wpon the 
Fat Constant Values of Cheese Fat 

To determine the effect of pasteurization of the milk on the rate of 
change in the values of the fat constants, four lots of cheese were made. 
Lots 1 and 2 represent raw milk and pasteurized milk cheese, respectively, 
from the same source of milk. Lots 3 and 4 also are raw milk and pasteur¬ 
ized milk cheese, respectively, from the same source of milk. 

The analytical data of the fat for these lots of cheese are presented in 
table 1. The scores for organoleptic analysis of the samples are given in 
table 2. 

From observation of the data in table 1, on the acid number values, 
it is apparent that there is a consistent increase for all eheese samples 
throughout the aging period. The percentage increase in acid numbers for 
the four lots was as follows: 1, 105; 2,100; 3,120; and 4, 87. Other work¬ 
ers also have found this change to occur in cheese fat. In agreement with 
the results of Lane and Hammer (6), the lots of raw milk cheese had higher 
add numbers than did the pasteurized milk lots. Lot 1 had an acid number 
55 per cent greater thandot 2. However, the acid number of lot 3 was only 
20 per cent greater than for lot 4. 

The Reichert-Meissl (RM) value represents a measure of the amount of 
volatile and water-soluble fatty acids in the fat. These consist mainly of 
butyric, caproic, and caprylic adds. If the fat showed appreciable hydrol¬ 
ysis during the ripening period, the normal trend would be for the RM 
number to increase. Suzuki ,et al. (10) showed that butyric and caproic 
adds increased throughout the ripening period in their raw milk eheese. 



Fat constants of cheese made from raw and pasteurized milk 



• Baw milk cheese. 
b Pasteurized milk cheese. 
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Lot 1 also demonstrated this by the increase in RM number. Lot 2 showed 
little change in Reichert-Meissl value, indicating only slight hydrolysis. The 
flavor score at 270 days was 0.5 point in favor of lot 1, the raw milk cheese 
whidT showed a slight amount of fat hydrolysis. The trend of the RM val¬ 
ues for lots 3 and 4 was downward, instead of upward as might be expected. 

The Polenske number is a measure of the volatile fatty acids, capric, 
lauric, and myristic, which are insoluble in water but soluble in neutral 95 
per cent alcohol. The four lots of experimental cheese all showed a signifi¬ 
cantly lower Polenske value at the conclusion of the experiment, indicating 
a decrease in the insoluble volatile fatty acids. However, lots 1 and 2 

TABLE 2 


Flavor and body scores and criticisms of cheese made from raw 
and pasteurized milk 


Time 

(days) 

Lot 1* 

Lot 2b 

Lot 3* 

Lot 4b 

Score 

Criti¬ 

cisms 

Score 

Criti¬ 

cisms 

Score 

Criti¬ 

cisms 

Score 

Criti¬ 

cisms 

Flavor scores and criticisms 

|BT ■ 


. .. 

40.0 

40.0 

39.5 

39.0 


40.0 

38.5 

38.5 

39.5 

81. bitter 
Si. bitter 

40.0 . . 

40.0 

40.0 

38.5 SI. acidy 

Body scores and criticisms 

30 

180 

210 

270 

29.0 

29.0 

29.0 

29.0 


28.5 

29.0 

28.5 

28.5 

SI. curdy 

81. mealy 
SI. mealy 

29.0 

28.5 

28.5 

29.0 

Curdy 

Curdy 

Curdy 

29.0 

28.5 

28.5 

28.5 

SI. mealy 
SI. mealy 
81. mealy 


» Raw milk cheese. 
b Pasteurized milk cheese. 


demonstrated an increase in Polenske number at 60 days, which was fol¬ 
lowed by a decrease in value during the remainder of the period. This per¬ 
haps showed that the fresh cheese fat was first hydrolyzed, followed by a 
hydrolysis of the longer chain fatty acids. 

A fat which becomes hydrolyzed should show a progressiva increase in 
soluble acids as hydrolysis proceeds, along with a decrease of insoluble acids 
or Hehner value. The cheese fat from each of the four lots demonstrated 
an increase in soluble acids at 60 days. However, at 240 days the final 
values for soluble acids in lots 1 and 2 were less than at the beginning of 
ripening. In lots 3 and 4, even though there was a consistent decrease in 
quantity of soluble acids, the change did not occur as rapidly as in lots 
1 and 2; consequently, the final values were somewhat greater than they 
were at the start of the period. At 240 days, the percentages of insoluble 
acids in all four lots were less than at the beginning of the period. This 
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gives further evidence that the longer chain fatty acids were hydrolyzed 
during ripening of cheese.- 

Since the saponification number represents the number of milligrams 
of potassium hydroxide required to saponify 1 g. of fat, then glycerides con¬ 
taining low molecular weight fatty acids will have a greater saponification 
number than glycerides containing fatty acids of high molecular weight. 
Except for lot 3, the cheese fat showed a decrease in saponification numbers 
during the ripening period, indicating a decrease in number of low molecular 
weight fatty acids in the cheese fat. 

An examination of the flavor scores of the cheese in table 2 shows that 
all cheese samples were of high quality at the beginning of the experiment. 
At the end of 270 days, however, the flavor of the cheese in lots 1 and 3 was 
slightly more pleasing. The scores for lots 1 and 3 were 0.5 and 1 point 
higher than for lots 2 and 4. The fat constant values for lot 1 clearly indi¬ 
cated a slow hydrolysis of the butterfat. This trend was not so well defined 
in the other samples. 

Part 11. The Effect of Low Pressure Homogenization of the Milk 
on the Change in Values of the Fat Constants 

The homogenization of raw cream used to standardize pasteurized skim 
milk increases the acid number of the cheese fat (7). Homogenization of 
pasteurized milk at high pressures produces a soft curd when the milk is 
coagulated by rennin or pepsin. To ascertain the effect of low pressure 
homogenization on the fat constant values and on the body of the cheese 
when made from pasteurized whole milk, three lots of cheese were made. 

A vat of pasteurized milk was divided into three batches and treated 
as follows: (a) Batch 1 was homogenized at 300 lb. pressure at 143° P. 
through a 200-gallon-per-br. Multi-Flo Creamery Package homogenizer, 
cooled, and then made into the cheese constituting lot 5. (b) Batch 2 was 

treated in a similar manner except that the pressure was increased to 800 lb. 
Cheese lot 6 was made from this milk, (c) Batch 3 was the control with¬ 
out homogenization and was made into the cheese of lot 7. 

All the analytical data of the fat analyses are given in table 3. The 
results of the organoleptic judging of body and texture are given in table 4. 
Observation of the data presented in table 3 shows that the acid number of 
the fat in all lots increased throughout the ripening period. The increase 
was as follows: Lot 5, 50 per cent; lot 6, 44 per cent; lot 7, 63 per cent. This 
increase is considerably less than was noted for the samples in Part I. 

The RM numbers decreased for the fat in lots 5 and 6, made from pas¬ 
teurized, homogenized milk, although the RM value slightly increased for 
the fat in lot 7. An increase in RM number should occur if volatile, water- 
soluble fatty acids were liberated. 

The Polenske numbers for the fat from the different lots of cheese de- 
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TABLE 3 


Fat constants of cheese made from homogenised and vnhomogenised milk 


Time 

(days) 

Acid nos. 

Beichert Meissl nos. 

Polenske nos. 



Lot 7* 


Lot 6 

Lot 7 

Lot 5 

Lot 6 

Lot 7 

1 

1.76 

1.66 

1.55 

29.50 

29.30. 

27.63 

2.02 

2.26 

2.00 

30 

1.85 

1.68 

1.73 







60 

1.89 

1.72 

1.83 

28.50 

29.25 

28.01 

1.85 

2.50 

1.97 

90 

1.96 

1.82 

2.10 







120 

2.34 

2.05 

2.32 

27.70 

27.30 

28.10 

1.91 

1.91 

1.82 

270 

2.65 

2.40 

2.54 

27.60 

27.00 

28.10 

1.50 

1.84 

1.64 

Time 

Percentage of 
soluble acids 

Percentage of 
insoluble acids 

Saponification nos. 

(days) 










Lot 5 

Lot 6 

Lot 7 

Lot 5 

Lot 6 

Lot 7 

Lot 5 

Lot 6 

Lot 7 

1 

5.32 

5.80 

5.10 

81.05 

84,10 

82.41 

227.21 

227.81 

221.34 

30 










60 

4.40 

4.73 

5.15 

80.60 

82.30 

81.23 

228.26 

226.29 

222.68 

90 










120 

4.62 

4.62 

4.23 

82.50 

85.72 

80.16 

227.74 

227.83 

226.53 

270 

4.40 

4.42 

4.21 

83.00 

82.13 

79.17 

228.38 

228.13 

226.77 




.... 

... 



—_ 

— - — 



•Homogenized at 300 lb. pressure at 143° F. thiough a 200 gallon per hr. Multi Flo 
Creamery Package homogenize^ cooled, and made into cheese. 

* Treated in a manner similar to lot 5, but homogenized at 800 lb. pleasure. 

* r Control, not homogenized. 

creased-during the ripening: period, but in lot 6 there occurred an increase 
in Polenske value at 60 days, followed by a decrease. This condition also 
took place in lots 1 and 2 in Part I. 


TABLE 4 

Flavor and body scores and atticism* of chtrst made from homogenised 
and unhomnqcnized milk 


Time 

Lot 5* 

Lot 6*» 

IdOt 7* 

(days) 

Score 

| Criticisms 

Score 

| Cnticisms 

Score 

Criticisms 



Flavor scores and criticisms 


1 

39.0 


39.0 


39.0 


60 

38.0 

SI. cooked 

38.0 

SI. cooked 

38.5 

81. bitter 

120 

38.5 

81, acidy 

i 

40.0 


38.0 

Bitter* 

270 

39.0 

38.0 

SI. acidy 

SJ. bitter 

38.5 

81. bitter 

j 



Body scores and criticisms 



1 

29.0 


28.5 

81. curdy 

29.0 


60 

28.5 

SI. weak 

28.5 

81. curdy 

29.0 


120 

29.0 

81. open 

29.5 

29.0 


270 

28.5 

81. mealy 

28.0 

81. pasty 

28.5 

81. weak 


* Homogenized at 300 lb. pressure at 143° F. through a 200-gallon-per-hr. MuIttdHo 
Creamery Package homogenizer, cooled, and made into cheese. 

b Treated in a maimer similar to lot 5 but homogenized at 800 lb. pressure. 

• Control, not homogenized. 
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The trend of the values for both the soluble aud insoluble acids was down¬ 
ward. The percentage of insoluble acids would be expected to decrease in 
proportion to the amount of hydrolysis occurring in the longer chain fatty 
acids. Moreover, the soluble acids might be expected to increase as a result. 
The decrease, however, in percentage of soluble acids for lots 5 and 6 is in 
agreement with the trend of the RM numbers for these samples. 

The saponification numbers of the fat from lots 5, 6, and 7 showed an 
increase during the ripening period. The reverse of this trend occurred 
with lots 1,2,3, and 4. 

An examination of the flavor scores for lots 5, 6, and 7 (table 4) indicates 
that the flavor of lot 5 was superior to the others at the end of 270 days. 
Lot 6 was the least desirable, for it had a bitter flavor and a pasty body. 
There was little difference, however, between lots 5 and 7. 

Except for the acid numbers and Polenske numbers, the other fat con¬ 
stant values do not present clear evidence of significant fat hydrolysis. * 

Part III. The Effect of the Addition of Various Organic. Acids upon the 
Fat Constant Values and Volatile Acidity and Flavor of Cheese 

To determine the effect of the addition of various organic acids upon 
the fat constant values, volatile acidity of the cheese, and flavor of the cheese, 
seven lots were made. Two-hundred fifty pounds of pasteurized milk were 
used for each lot and the substances added were as follows: Lot 8, control; 
lot 9, 20 ml. of propionic acid added to the milk at time of setting; lot 10, 
15 ml. of glacial acetic acid added to the curd at time of salting; lot 11, 15 
ml. of glacial acetic acid added to the milk at time of setting; lot 12, 1 1. 
of 2 per cent citric acid added to the milk at time of setting; lot 13,1.5 pints 
of starter distillate added to the milk at time of setting and 0.5 pint of starter 
distillate to the curd at salting; lot 14,10 ml. of propionic acid, 10 g. of citric 
acid, and 14 ml. of glacial acetic acid dissolved in 1 1. of water added to 
the milk at setting. The different lots of cheese were not made from the 
same milk. However, during the period of time the cheese was made, no 
significant changes occurred in source of milk. 

The analytical data for the fat constants of the seven lots are presented 
in table 5. The judging scores for the various lots are listed in table 6. 
Observation of the data on acid numbers of the cheese fat, as given in table 5, 
shows the same trend as those samples in Parts I and II. The percentage 
increase in acid values for the samples was as follows: Lot 8, 60; lot 9, 67; 
lot 10,218; lot 11,78; lot 12,71; lot 13,42; and lot 14, 76. A marked effect 
was produced in lot 10 when acetic acid was added to the curd at time of 
salting. The hydrolysis of the fat was activated to a pronounced degree, for 
V the end of the experiment an increase of over 300 per cent in acid value 
had occurred. When acetic acid was added to the milk in lot 11, the acid 
number of the fat was high at the beginning, so the percentage increase 



ta of Cheddar cheese containing added organic acids and starter distillate 
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daring ripening was less marked. Lot 13, containing the starter distillate, 
showed a high acid number at the beginning of the period. The smallest 
increase during ripening occurred in this sample. The control (lot 8) also 
showed a high initial acid number. 

In general, the water-soluble, volatile acids of the fat for all samples in¬ 
creased during the ripening period. This condition also is confirmed by the 
increase in RM values as listed in table 5. The increase in RM values was 
more consistent for the samples in Part III than for samples in Parts I and 
II. However, the RM values for lot 10 decreased during a 3-month period 
and then increased again during the last 135 days of ripening. 

The Polenske numbers tended to decrease for the majority of samples 
during ripening. This trend would indicate a decrease in quantity of in¬ 
soluble, volatile acids. Since the volatile, soluble acids increased at the same 
time, apparently the glycerides containing long-chain fatty acids were 
hydrolyzed. 

The percentages of soluble acids in all lots of cheese increased throughout 
the ripening period, presenting further evidence of fat hydrolysis and liber¬ 
ation of low molecular weight fatty acids. The percentages of insoluble acids 
showed a tendency to decrease, although it is not as well defined as the trend 
of the soluble acids. The saponification numbers for the different lots 
showed a tendency to increase. The data on the changes of the iodine num¬ 
ber of the cheese fat are inconclusive. 

The total volatile acidity of the cheese reached a maximum value, except 
for lots 8 and 13, at 90 days. Suzuki et al. (10) demonstrated that acetic acid 
and propionic acid reached a maximum value at 90 days and then decreased. 
The experimental lots of cheese, 10, 11, 13, had the greatest volatile acidity. 
Lots 10 and 11 contained acetic acid. The drop in volatile acidity is espe¬ 
cially apparent at the time the samples were analyzed at 225 days. 

At the end of the experiment, samples 12 and 13, to which had been added 
citric acid and starter distillate, respectively, had the highest flavor score 
(table 6). The samples containing the added propionic acid and acetic acid 
showed abnormal and undesirable bitter flavors from the beginning of the 
experiment. Lot 10, in particular, quickly developed into an undergrade 
cheese. Due perhaps to the abnormally high amounts of organic acids added 
to the milk and cheese, their effects on flavor were so pronounced that desir¬ 
able effects that might have been produced with smaller quantities quickly 
were masked by the flavor defects which developed. 

summary and conclusions 

A study has been made of the changes occurring in the fat-constant 
values of cheese fat during the ripening of Cheddar cheese. Fourteen lots 
were made and analyzed at regular intervals during an aging period of 9 
months. The study was divided into three parts to determine the effect of 
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pasteurization of the milk, homogenization at low pressures .of pasteurized 
milk, and addition of organic acids to milk. 

The results obtained in Part 1 show that pasteurization of the milk used 
for Cheddar cheese reduced the hydrolysis of the fat in the cheese. Hy¬ 
drolysis of the eheese fat, as indicated by an increase in acid number, RM, 
and a decrease in Polenske number, was greatest in lot 1 made from raw 
milk. The flavor of the cheese in lot 1 was slightly more pleasing at 9 months 
than that of the cheese made from pasteurized milk. 

The results obtained in Part 11 show that homogenization of pasteurized 
milk at low pressures produced no significant changes in the fat constants of 
the cheese fat. Homogenization of the milk at 800 lb. pressure produced a 
weak pasty body in the cheese after aging for 9 months. A pressure of 300 
lb. exerted no detrimental effect on the body. 

The results obtained in Part III show that the addition of organic acids 
accelerated the hydrolysis of cheese fat. Acetic acid added to the cheese 
curd in lot 10 caused more than 300 per cent increase in acid number during 
aging. Other samples, along with the control lot, showed a 60 to 70 per cent 
increase. The quality of lot 10 was unusually low, the flavor extremely 
bitter, and the body weak and pasty. 

The RM values for the samples were uniformly higher at the conclu¬ 
sion of the study than at the beginning, indicating an increase in water- 
soluble, volatile fatty acids during aging. The saponification numbers also 
tended to increase. The Polenske values, on the other hand, decreased dur¬ 
ing the same period, showing that water-insoluble, volatile acids were being 
reduced. The percentages of soluble acids increased and the percentages of 
insoluble acids tended to decrease, giving further evidence of hydrolysis of 
the cheese fat. 

The maximum values of the total volatile acidity of the cheese samples, 
except lots 8 and 10, occurred at 90 days and then decreased. These two lots 
showed greatest total volatile acidity at 45 days. 

The data on the iodine numbers are inconclusive. The variation in values 
from the same sample was so wide the results were not of use. 

The addition of acetic and propionic acids in the quantity used produced 
undesirable defects in the flavor of the cheese. The lots of cheese containing 
citric acid and starter distillate had the highest flavor score at the conclu¬ 
sion of the ripening period. 
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FERTILITY LEVEL IN ARTIFICIAL BREEDING ASSOCIATED 
WITH SEASON, HOURS OF DAYLIGHT, AND THE 
AGE OF CATTLE 

ERNEST MERC'IEK' and 0. W. SALISBURY 
Laboratory of Animal Breeding and Artificial Insemination, Department of Animal 
Husbandry, Cornell University, Ithaca, New ¥orlc 

Under semi-feral conditions where bulls remain with the cow herd the 
year around, mating takes place during late spring and summer months. 
While animals might breed at other times of the year, there is an optimum 
breeding period when the reproductive powers are at a maximum. 

Dairy cows under farm conditions may breed the year around, though 
there is a seasonal peak of calvings in the spring in most areas. In New 
York State dairymen complain about the difficulty experienced in getting 
cows with calf during winter so as to have them freshen in the fall, especially 
in the case of virgin heifers and old cows. Furthermore, reports have been 
more frequent recently of artificial breeding organizations experiencing diffi¬ 
culties in collecting semen of satisfactory quality from some bulls during 
winter. 

In studies conducted by Salisbury (8) and by Mereier and Salisbury (5). 
data on 16 of the 40 bulls could not be used for analyses because fertility data 
were not available for at least 11 months during the year. The fact that of 
these 16 bulls 5 were young (36.6 ± 20.8 month of age) and 11 were aged 
bulls (94.4 ± 14.8 months of age) raised the question of whether the fer¬ 
tility level of bulls of extreme ages might be influenced more readily by 
seasons than that of bulls of medium age. 

None of the publications reviewed earlier (6), nor the paper by Trim- 
berger and Davis (11) dealing with artificial breeding, considered the pos¬ 
sibility of differential responses of animals of varying ages to the cyclic 
climatic changes which occur throughout the year. The diverse results of 
published studies concerning the effect of season on reproduction in cattle, 
whether for natural or artificial breeding, do not enable one to determine if 
an age differential is involved. The interaction between the age of bulls 
and cows in determining fertility level, as reported by Tanabe and Salisbury 
(10), is difficult to interpret directly on physiological grounds. If an age- 
by-season interaction for fertility level were demonstrated, their results 
might be shown to be due to variations in proportion of individuals of the 
several age classes bred during the different seasons of the year. 

Finally, if bulls of varying ages responded differently to the effect of 
Received for publication June 14, 1947. 

i Now in charge of the artificial insemination program for the Department of Agri¬ 
culture; Quebec, Canada. 
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climatic variations associated with the seasons of the year, the over-all fer¬ 
tility level in artificial breeding might be controlled more satisfactorily by 
use of bulls of certain ages during particular seasons of the year. The 
authors hoped to obtain information on which semen collection schedules 
could be based for bulls of various ages, in order to maintain them in fertile 
service longer and to obtain a maximum fertility level the year around. 

The present report deals with studies on the seasonal fluctuations in fer¬ 
tility level of cows and of bulls of various age groups. In view of the rela¬ 
tionship shown between hours of daylight and fertility level for Eastern 
Canada (6), the situation under New York conditions also was considered. 

EXPERIMENTAL PROCEDURES 

__ The data for these studies were collected from the breeding records of the 
New York Artificial Breeders’ Cooperative, Inc., the headquarters of which 
are located in Ithaca, New York. The bulls were located in Ithaca, but the 
cows were located on 19,000 or more farms throughout the State. 

Cows. The study of cow's where the age was verified included 14,713 
recorded services for purebred Holstein-Friesian cows bred during a 4-year 
period from the beginning of the association in June, 1940, until June 30, 
1944. Of these services, 8,284 were services to cows bred for the first time 
for any single service period, 4,206 w'ere second services or services to cows 
which did not conceive from the first insemination, and 2,223 were third 
services or services to cows which failed to conceive from a second insemi¬ 
nation. 

. Registration numbers from the Holstein-Friesian Herd Books were used 
to determine the date of birth of each individual cow. 2 Cows arbitrarily 
were divided into four groups: those under 39 months, those from 39 to 63 
months, those from 63 to 90 months, and those over 90 months of age. The 
age interval chosen was believed to correspond roughly to two consecutive 
conceptions in the two younger groups. The basis for this classification was 
the time interval found between 1,163 calvings (372 ± 46 days) of 406 cows 
in 12 purebred dairy herds enrolled in Dairy Herd Improvement Associa¬ 
tions in seven New York counties. Whether or not this calving interval 
corresponds closely to that of purebred Holstein-Friesian cows in the fetate 
is not known, although it probably is shorter than that commonly found. 

Data were sorted by months according to the age of the cows bred, re¬ 
gardless of the age of the bulls from which the semen was used. Monthly 
values were grouped into seasons, winter months being December, January, 
and February; spring, March, April, and May; summer, June, July, and 
August; and fall, September, October, and November. 

The conception rate of the cows was determined indirectly by tha»number 

* The authors ere greatly indebted to Tsaneo Tana be for determining the age of 
the eowa. , • 
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of successful services or the per cent of cows not coming back to service 
within a 5-month period after insemination. The value obtained corre¬ 
sponds closely to the actual percentage of conceptions as determined by the 
number of calves born (3) or the pregnancy diagnosis (1) and commonly is 
spoken of as the per cent of 5 months’ non-returns. 

Bulls. The studies on bulls include 116,881 first services from 42 Hol- 
stein-Friesian and 29 Guernsey bulls used from the time the headquarters 
of the Cooperative were established in Ithaca, December, 1944, through 
Novmber, 1946. Second and third services were not considered. 

The age of the bulls was determined from their birth dates and they were 
classified in four age groups: under 4 years of age, from 4 to 6, from 6 to 8, 
and over 8 years of age. The level of fertility of each male was based on 
the per cent of cows bred to him which were not rebred within 60 days after 
the first insemination, regardless of the age of these cows. The decrease in 
the per cent of non-returns between 2 months and 5 months is about 5 per¬ 
centage units (9) and this value must be subtracted from the per cent of 2 
months’ non-returns to obtain a figure corresponding to the actual number of 
conceptions. For these studies the age of each cow was not available. 

Analysis. In each study the data were grouped by months. In the case 
of the cows they were grouped further according to the age of the cow in¬ 
volved. For the bulls the data were arranged under the individual bulls 
and these individuals classified by age groups. For the cow data, the sig¬ 
nificance of differences between means was determined by covariance analy¬ 
sis using the number of cows bred as the independent variable and number 
of cows not returning to service as the dependent variable. This was done 
because in some of the age groups less than 30 cows were bred during one or 
another of the fall months. Cochran (2) has studied data of this type and 
cautions against the use of percentages where the calculated values are based 
on small numbers. In the data for bulls this problem was not found, for the 
average bull was bred to nearly 200 cows a month, so that analysis of vari¬ 
ance of per cent non-returns was used. 

RESULTS 

Age and conception rate of cows. The data on conception rate of cows, 
including those on cows bred for the first and second time in any service 
period, are shown in figure 1. They indicated that the two extreme age 
groups fluctuated more in fertility level from season to season than did the 
cattle of intermediate ages. The over-all conception rate for all groups of 
cows wag low in winter, somewhat higher in summer, and highest during 
spring and fall. However, in the statistical analysis of the data, the differ¬ 
ence between the means for the four seasons was not significantly different 
what tested by the age x season interaction. 
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The age x season interaction, on the other hand, was significantly larger 
than was to be expected on the assumption that it was no different than the 
month to month variation within seasons and within the age groups. Thus, 
the conclusion was reached that there were marked differences between sea¬ 
sons in fertility level of cattle of a particular age. However, one age group 
performed differently from another. Whether or not a real seasonal differ¬ 
ence in fertility level would occur in a population of cows would depend on 
the proportion of cows of the various ages in that population. 

A study of the number of cows in each age group bred in each season 
showed that, in spite of a real attempt by dairymen to breed their cows for 


z 


£ 


3 


UJ 

£ 

« 


55 


z 

o 

z 

00 

z 


50 


z 

o 

2 

ih 


45 


z 

tu 

u 


40 


a _ 

ui 0 

a 


□ UNDER 39 MONTHS 

■ 39*63 MONTHS 

■ 63*90 MONTHS 

□ OVER 90 MONTHS 



WINTER SPRING SUMMER FALL 


Fig. 1. Seasonal variations in fertility level of purebred Holstein-Friesian cows of 
different ages bred artificially in New York, June 1, 1940, to June 30, 1944. 


fall freshening, as cows grew older a higher proportion of them were bred 
in the summer. For example, among cattle less than 39 months of age, 19.3 
per cent were bred in June, July, and August. For those cows over 90 
months of age, 27.9 per cent were bred in those 3 months. Thus, not hnly 
does fertility level vary from season to season in a group of cows of a par¬ 
ticular age, but so does the proportion they constitute of those cows being 
bred in a particular season. Roberts (7), in England, observed an increase 
in the proportion of spring calvings, as a consequence of an increase in sum¬ 
mer conceptions, as cows advanced in age. This fact and practical experi¬ 
ence support our observations. 

Fertility level of bulls. The first of these studies on seasonal variations 
in fertility level of bulls was made on all Holstein-Friesian and Guernsey 
bulls used during the 2-year period, December, 1944, through November, 
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1946. The data are summarized for seasons and age groups in figure 2. 
They represent 2 months’ non-returns on 116,881 first services to cows of 
all ages. 

Analysis of variance showed that the differences in fertility level between 
seasons were significant at the 5 per cent level of probability when tested 
against the season x age interaction, which in itself was not different from the 
random variability in the data. 

By far the heaviest use of bulls was in the 6- to 8-j’ear-old group, which 
fact biased the study in the direction of determining seasonal effects within 



Fig. 2. Seasonal variations iii fertility level of 42 Holstein-Friesian and 29 Guernsey 
bulls of different ages used in artificial breeding in New York at any time during the 
period from December, 1944, through November, 1946. 

one age group. In order to obviate this difficulty, all bulls of the several 
age classifications which had been used consistently month after month 
throughout the 2-year period were selected for further study. An equal 
number of bulls in each age group was chosen at random from the numbers 
available. There were available for study three bulls in each of the four 
age groups, or a total of 12. A summary of the results, representing 39,833 
first services to cows of ail ages, is given in figure 3. 

On the average, the same general trends are shown in both figures. Fer¬ 
tility level is the lowest in winter, gradually improving during the spring 
to reach a high level in the summer and fall. However, this second study, 
illustrated in figure 3 and orthogonal with respect to age groups, shows that 
each age group responded differently to season. The young bulls were rela¬ 
tively high in fertility in winter, gradually decreasing to a low in the hot 
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weather of summer. Bulls in the oldest group were lowest in fertility in 
winter, gradually increasing in fertility level to reach a maximum in summer 
several weeks after the longest day of the year. Statistical analysis of these 
data showed a highly significant season x age group interaction when tested 
by the remaining variance. However, because of the size of the variance 
associated with this interaction, the differences observed between seasons 
were not found to be statistically different when tested by it. 

Finally, from the total of 71 bulls used during this time interval, it was 
possible to select three bulls at each age interval from each of the two 



Fig. 3. Seasonal variations in fertility level of three bulls in each of four age 
groups used in artificial breeding in New York consistently month by month during the 
period from December, 1944, through November, 1946. 


breeds which had been used each of the four seasons of the year, commencing 
in December, 1945. In some cases fertility evidence was not available each 
month of the year but was available for a portion of each season. This 
study, then, included a total of 24 bulls, 12 of each breed, and a total of 
49,908 first services to cows of all ages. The data reflect an intermediate 
position between figure 2 and figure 3. As no significant breed by season 
interaction was shown, the evidence is not presented here. The fertility 
level of the Guernsey bulls was slightly higher than that of the Holstein* 
Friesian bulls, a fact which is contrary to the observations noted earlier (5). 

It is of interest to note that proper temperature control of the semen 
during the summers of 1945 and 1946, by use of the semen carrying 
eliminated the low fertility results during summer observed earlier and 
shown in figure 1. 

Hovrs of dayight and fertility level. In view of the relationship between 



FERTILITY LEVEL 


823 


the hours of daylight and the monthly level of fertility observed earlier for 
Canadian conditions (6), correlation coefficients between these items for 
groups of bulls of various ages were determined. The records used were 
from December, 1945, through November, 1946, and include data on five 
bulls in each age group used regularly each month of the year, as well as 
data on all bulls used throughout the year. In order to get an idea of the 
length of the apparent lag effect of daylight variations, correlation coeffi¬ 
cients between fertility level for one month and the average length of day¬ 
light for the month corresponding to and for the first, second, and for the 
third month prior to service were determined. The correlation coefficients 
are presented in table 1. No significant correlation between these two vari- 

TABLE 1 

Correlation coefficients between monthly fertility level of bulls of various ages 
and the length of daylight in Itheica, N. Y. 


Months for length of daylight 


Age of 
bulla 
(yr.) 

Corresponding 

Prior to services 

First 

Second 

Third 


6 Bulls 

All 

5 Bulls 

All 

5 Bulls 


5 Bulls 

All 

Under 4 , 



0.30 


0.22 




4-6 . 

0.06 

mBM 

0.25 


0.40 




6-8.. 

0.36 

0.27 

0.65* 

0.56* 

0.75t 

0.691 

0.64* 

0.63* 

8-10 . 

0.47 

0.64* 

0.47 

0.711 

0.30 

0.56* 

0.08 

0.28 

Over 10 .. 

0.45 

0.66* 

0.56* 

0.68* 

0.52 

0.53 

0.33 

0.25 

All bulls . 

0.48 

0.56* 

0.67* 

0.751 

0.67* 

0.7:1 ♦ 

0.49 

0.51 


* Significant at the 5% level of probability. 

t Significant at the 1% level of probability. 

ables was observed for bulls under 6 years of age. It was high for bulls of 
6 to 8 and 8 to 10 years of age, low for bulls over 10 years of age, and high 
for all bulls. The correlation between fertility level and length of daylight, 
on the whole, was highest for the first and second month prior to service. 

The over-all relationship between these two variables under Canadian 
and New York conditions agrees closely. The Canadian results involve 
records from three herds for 25 years on cattle of all ages bred normally. 
The New York results involve records collected during 1 year from 19,000 
or more farms where cattle of all ages were bred artificially. 

DISCUSSION 

Because of the enormity of the task, it was impossible to establish the age 
of both the bull and the cow for each service involved in these studies. Such 
data would enable one to determine the possible seasonal interactions in 
fertility of mates of the same and of different ages. The fertility interaction 
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between the various ages of bulls and cows, as observed by Tanabe and Salis¬ 
bury (10), might be explained on that basis. 

Also, it would have been desirable to have the same uniform schedule of 
semen collection for all bulls involved in these studies. However, this was 
impractical because of the limited number of bulls available and of the sea¬ 
sonal demand for semen. No significant relationship between fertility and 
the same general frequency of semen collection was observed earlier under 
New York conditions (5). 

Nevertheless, the results obtained in this investigation show that with 
respect to fertility level, males and females of various ages, regardless of the 
age of their mates, responded differently and consistently to the seasons of 
the year. The fertility leyel of younger and older cattle fluctuated more 
from season to season than that of cattle of medium age. 

Winter was the poorest breeding season of the year for all age groups at 
this latitude. The fact that one-third of the yearly number of artificial 
services in New York occurs during winter when the fertility level of cattle 
is at its minimum creates a serious problem. This management practice de¬ 
creases the over-all fertility level. One way to improve this condition would 
be to breed young cows during early spring and fall, cows of medium age 
during winter, and old cows during late spring and summer, if this practice 
did not upset the seasonal distribution of calvings desired. Young bulls 
probably should be used least during the summer, and may be used advan¬ 
tageously during the winter, when the fertility of older bulls is at a low 
level. 

- In an earlier publication (5) the authors obtained results dealing with 
the semen production and fertility level of a group of relatively young bulls 
which showed the poorest fertility level in the summer, in spite of the fact 
that the temperature of the semen was maintained properly. Those results 
would be expected on the basis of the results obtained here with bulls of 
equivalent age. However, if only the average results for all bulls in each 
case are compared, the fertility levels shown for the seasons are quite dif¬ 
ferent. In their earlier review of the literature (5), the present authors 
stated that there was a lack of unanimity among investigators concerning 
effect of season on reproductive performance in bulls. The present results, 
showing an interaction of season and age of bulls, resolve the disagreement, 
and the earlier studies by others support the picture as described. 

As discussed earlier (6), the authors believe that light influences repro¬ 
ductive functions in cattle by its action on the pituitary through the eye and 
the optic nerve. The different reproductive responses of cattle of various 
ages to seasons are believed to be due to a varying priority need for pituitary 
substances by various physiological functions of the body. This theory does 
not exclude the possibility that other endocrine organs subordinated to the 
pituitary might be involved in the differential response of cattle of various 
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ages to the season of the year. Work needs to be done to demonstrate the 
mechanism of light on fertility level of cattle of various ages, and to test 
the possibility of using artificial light to improve the fertility level of cattle 
bred during winter. 

SUMMARY 

In an investigation on the seasonal variations in fertility level of about 
125,000 cows and 71 bulls of various ages bred artificially within the last 6 
years in New York State, it was found that: 

1. With respect to fertility level, cattle of various ages responded differ¬ 
ently and consistently to seasons of the year, the younger and older cattle 
being influenced more readily than mature cattle. 

2. Winter was the poorest breeding season of the year during this period. 

8. The fertility level of all bulls kept at this Station but artificially bred 

to cattle m all sections of the State from December, 1945, through November, 
1946, was significantly correlated with the length of daylight, there being a 
lag of 1 or 2 months before the effect of daylight reached its maximum. For 
two groups of bulls less than 6 years of age, the correlation coefficients were 
not statistically significant. Thus, young bulls probably are more subject 
to other extraneous influences on fertility than are those from 6 to 10 years 
of age. 

It is concluded that variations in the hours of daylight influence the fer¬ 
tility level of dairy cattle at this latitude, and that the response to light 
varies with the age of the animals involved. 

The authors are grateful to R. W. Bratton for his help in preparing the 
manuscript. 
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BATING THE ACID-PRODUCING ABILITY OP STARTERS 
FOR CHEDDAR CHEESEMAKING 1 

I. HLY.VKA and E. G. HOOD 

Division of Chemistry, and the Division of Bacteriology and Dairy Bcsearch, 
Science Service, Department of Agriculture, Ottawa, Canada 

The purpose of adding starter to uiilk in the manufacture of Cheddar 
cheese is to induce the development of lactic acid at a dependable rate and 
to secure thereby a maximum measure of control of the vat. To achieve this 
end, a knowledge of the behavior of the starter per se is fundamental. 

Whitehead and Cox (9) developed a method of determining the vitality 
of starters which consists of simulating, in miniature, the various steps in 
the cheese vat. The increase in the titratable acidity of whey between the 
fifth and sixth hours is taken as the vitality of a starter relative to another 
starter treated in the same way. Babel (1) used the acidity attained at 
intervals of 1 or 2 hours during 7 hours under specified conditions as an 
index of the acid-producing ability of starter cultures. 

A somewhat more fundamental approach, with definite advantages, can 
be made to the problem of rating the acid-producing ability of starters. The 
lactic acid-producing property of starter organisms basically is the effect of 
one or more enzyme systems. It is logical to assume that under defined con¬ 
ditions rate of acid production should be characteristic of that starter. 

Before proceeding further, a clear distinction should be made between 
the scientific use of the word rate and its somewhat broader meaning. For 
instance, in their review of butter starters, Hammer and Babel (7) state 
that “. . . the rate of a ripening culture is controlled primarily by varying 
the amount of inoculum . . Similarly, in his bulletin. Hales (6) states 
that “. . . the amount of inoculation affected the rate of acid development 
. . .”. These and other authors refer to a static concept implying the 
over-all rate or the time required for a culture to reach a maximum acidity. 

When used more precisely, the word rate is a dynamic concept. This 
usage may be illustrated by referring to a discussion of the growth phases of 
bacteria in any standard book on bacteriology. The rate of growth keeps 
changing from a stationary, through accelerating, maximum, decelerating, 
and, finally, stationary phases. Graphically it is indicated as the slope of 
the curve. 

According to this second concept, the data of Monrad and Helmer, repro¬ 
duced by Hales (6), show that the rate of lactic acid production measured 
as titratable acidity is independent of the amount of inoculum used. All 
the curves shown are practically identical in shape but are merely displaced 
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on the time axis. Similarly, Dolby (4) showed that the rate of lactic acid 
development in the cheese curd, measured as pH, is independent of the 
amount of starter used. 

In order to characterize a starter by its rate of lactic acid production, it 
is necessary to establish a relationship between acid development and time. 
It was indicated by Baker et al. (2) that the rate of lactic acid development, 
whether measured as titratable acidity corrected for the apparent acidity of 
milk or as pH, tended to be in geometric progression. 

In this communication evidence is submitted to show that under defined 
conditions the titratable acidity of a milk culture as ordinarily determined 
(i.e., uncorrected) increases according to the geometric series with reasonable 
accuracy. This relationship then is used to develop a method of rating 
cheese starters according to their acid-producing ability in which a constant 
called the starter quotient, characteristic for each starter, is derived from 
titratable acidities. 

EXPERIMENTAL 

Principle. The method employed in this study depends upon the ob¬ 
servation that in a milk culture under defined conditions titratable acidity 
increases in geometric progression with time, which increases in arithmetic 
progression over the major part of the range over which lactic acid is pro¬ 
duced. Mathematically, this relationship between titratable acidity and 
time in its simplest form can be expressed by the equation: 

a vt = r (a) 

where a = titratable acidity 

t m time at which a is determined 

r = a constant and is equal to the ratio of the two adjacent members 
in the geometric progression. 

In practice, however, it is more convenient to use the expression 

Titratable acidity at time U ^ ' 

Titratable acidity at time t 2 ~ ^ 

where A: is a constant for a fixed time interval t 2 - 

Method. All starters used in these studies were carried in skim milk 
autoclaved at 10 lb. pressure (115.5° C.) for 20 minutes. Transfers were 
made twice a week. A 1 per cent inoculum was propagated at 72° F. for 
the first 17 hours, and the starter then was stored in a refrigerator at 40° F. 
until the next transfer. 

For the determination of the lactic acid-producing ability, starter trans¬ 
ferred on a previous day is used. It is inoculated at the rate of 3 per cent 
(7.5 ml.) into 250 ml. pasteurized whole milk at 98° F., contained in a half¬ 
pint (Imperial measure) bottle fitted with a no. 8 rubber stopper. The milk 
then is mixed thoroughly, the time recorded, and a 9-ml. portion is titrated 
with 0.100 N sodium hydroxide, using phenolphthalein as indicator. The 
bottle then is placed in a suitable water bath at 98° F. It is convenient to 



TABLE 1 

Derivation of starter quotients from titratable acidities of starter cultures 
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* Values in bold face indicate those which meet the requirements of the defined quo tient. 
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start the determination on the hour or the half-hour. Starting with the 
initial titration as zero hour, the milk is titrated at 1, 2,3,4, and 5 hours and 
recorded. It also must be mixed by inverting the bottle at the half-hour as 
well as at the hour. This is necessary to prevent the accumulation of bacteria 
in the upper layer of the milk due to creaming. 

The lactic acid-producing ability of the starter now is calculated by divid¬ 
ing the first titratable acidity which is 0.23 per cent or over by the titratable 
acidity obtained'2 hours later, provided that the second titration does not 
exceed 0.56 per cent as lactic acid. The result is expressed as a simple 
ratio, omitting the deeimal point for convenience, and is termed the starter 
quotient. 

Properties of the starter quotient . The first important property of the 
starter quotient which must be established is its constancy. Representative 
data are presented in table 1. Corresponding to each starter, the first line 
gives the titratable acidities obtained by the method already described, at 


TABLE 2 

Reproducibility of the starter quotient 


Starter 43 

Starter CD 

Bate 

Starter quotient 

Bate 

Starter quotient 

Jan. 21 . . . 

52 

Jan. 21 

63 

Jan. 22 .. 

53 

Jan. 22 

62 

Jan. 23 . 

54 

Jan. 23 

01 

Feb. 6 . . 

55 

Feb. 4 

56 

Feb. 12 . 

53 

Feb. 27 

55 

Feb. 14 . . 

55 

March 13 

51 


the hours indicated. The second lines gives the 1-hour starter quotients 
derived from the titratable acidities 1 hour apart. The last line gives the 
2-hour quotients derived from the appropriate values 2 hours apart in the 
first line. 

The following observations can be made by studying table 1. Roth the 
1-hour and the 2-hour starter quotients remain constant for a given starter 
regardless of the values of the two titratable acidities used for their calcula¬ 
tion or the hours at which these determinations are made. The useful range 
of titratable acidities over which a constant starter quotient may be obtained 
is from 0.23 to 0.56 per cent as lactic acid. These relationships hold for the 
more active starters such as 43, EDM and KAS, as well as for the slow start¬ 
ers such as SH17 and SH9. In order to include a large portion of the range 
from 0.23 to 0.56 per cent titratable acidity and perhaps to submerge some 
of the slight irregularities which appear in the 1-hour quotient, the 2-hour 
starter quotient has been adopted as standard. 

The next important question to be answered is the reproducibility of the 
results. ■ Illustrative dqta on starters 43 and CD are summarized in table 2. 
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Starter 43 has been used in experimental cheese work in these laboratories 
and also is supplied from time to time to those requesting a cheese starter. 
It is carried under standardized laboratory conditions. On the whole, the 
starter quotient for 43 has remained unchanged over even a longer period 
than that shown in table 2. Starter GO was obtained from a commercial 
dairy, where it occasionally was used as a buttermilk starter but had not 
been given much care. It was selected for study because of its poor condi¬ 
tion. It can be seen from table 2 that on consecutive days the value of the 
starter quotient showed satisfactory reproducibility. Over a period of 6 
weeks much improvement or recovery was shown by this starter under proper 
care. The ability of some starters to improve is known and in the above 
instance was expected. 

In general, the reproducibility of the starter quotient is considered satis¬ 
factory, keeping in mind the biological basis of the determination and 
excluding the long-term changes in the properties of starters, which really 
form a part of another problem. 

A further characteristic property of the starter quotient is its independ¬ 
ence of the percentage of the starter inoculum used in the milk culture. In 
table 3 are presented data obtained when starter 43 was inoculated at the 
rate of 1, 2, 3, and 4 per cent and the determination of the starter quotients 
earried out as described. The starter quotients, whether calculated on an 
hour or a 2-hour basis, show good agreement for all the levels of inoculum 
employed. 

In summarizing the properties of the starter quotient, it may be said that 
it is a specific index of the acid-producing ability of the starter. 

Comparative rating of starters. While no doubt there are excellent start¬ 
ers without pedigree used in the manufacture of Cheddar cheese, in general, 
they are derived from several central sources of supply. Available starters 
were obtained from St. Hyacinthe Dairy School, Kemptville Agricultural 
School, the Dairy Department of the Ontario Agricultural College, and the 
Dairy Department of the University of Alberta, all of which supply starters 
to the Cheddar cheese industry. These, together with the Dairy Research 
starter and one from a commercial dairy (CD), are included in table 4 in a 
comparative rating of their acid-producing ability by means of their starter 
quotients. 

Each starter was transferred once when received and the starter quotient 
determined the next day. This is shown as the initial starter quotient in 
the table. The starters then were carried for 3 to 15 weeks under conditions 
referred to earlier; a final starter quotient at the end of the period indicated 
also is given in the table. In addition, starter quotients calculated from 
Babel’s data (1) for titratable acidities at the fifth and seventh hours, with 
incubation at 98° F., are included for comparison. These are starters B1 
to B5, and B7, the ori ginal numbers of the author being retained. Borne 
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starters were omitted because they did not provide titratable acidities 2 hours 
apart in the range 0.23 to 0.56 per cent. 

Starter quotients for the 19 starters listed indicate widely varying abili¬ 
ties to produce lactic acid. The Canadian starters and Babel’s starters are 
listed in separate series, in order of their acid-producing ability. The start¬ 
ers listed first in table 4 are the most active and would be expected to be the 
most satisfactory for Cheddar cheesemaking. As a matter of experience, 
starter 43 with a starter quotient of 52 has been found very satisfactory in 
making cheese over a period of several years. 

For the majority of starters, the difference between the initial and the 
final ratings after 3 to 15 weeks is not large. In other words, with the 

TABLE 4 


Comparative rating of utarters 


Starter no. 

Initial 

starter 

quotient 

Final 

starter 

quotient 

Interval 

(weeks) 

Starter no. 

Initial 

starter 

quotient 

Final 

starter 

quotient 

Interval 

(weeks) 

8114 

47 

50 

3 

SH9 

71 

71 

3 

sirs 

47 

50 

3 

STIl 6 

74 

68 

3 

EDM 

48 

54 

3 

SH17 

76 

71 

3 

KA8 

51 

51 

9 





43 

52 

52 

15 

B3 # 

55 



OACNZ 

55 

66 

4 

B2 

59 


..... 

CD 

83 

53 

10 

B4 

60 



8H29 

63 

67 

3 

B1 

65 



OA OH 

64 

70 

4 

B7 

66 



sue 

L 67 „._ 

68 

3 

M 

78 1 




* Data on B-series calculated from data of Babel (1). 


exception of starters OACNZ and CD, a stability of the acid-producing 
ability is indicated. 

DISCUSSION 

In developing the procedure which finally was adopted for the determina¬ 
tion of the starter quotient, consideration was given to those factors which 
would give a simple yet useful method for the evaluation of starters used in 
Cheddar cheesemaking. The equipment used is either ordinarily available 
or readily obtainable. Pasteurized milk was adopted as the medium in the 
test because a more uniform product of good bacteriological quality is more 
readily available at all times. Impairment of the acid-producing ability of 
some starters at cooking temperatures in cheesemaking and of most starters 
at slightly higher temperatures has been reported by several investigators 
(1, 3, 4, 5, 8, 10, 11). In fact, high cooking temperature is a standard 
method of retarding too rapid acid development in the vat. For this reason 
and because a good starter must be able to withstand at least this temperature 
during cooking, 98° F. was selected for the determination of the starter 
quotient. 
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With respect to the starter quotient itself, it already has been pointed 
out that it is constant over the major portion of the range over which lactic 
acid is produced, and is characteristic of a given starter. Furthermore, it 
is independent of the amount of inoculum used and allows a considerable 
latitude with respect to the choice of time or titratable acidities which may 
be used for its calculation. This makes it possible to make comparisons on 
an absolute basis of starter quotients determined in different laboratories 
under various conditions. A 3 per cent starter inoculum has been selected 
for our determination since it allows a determination to be carried out con¬ 
veniently during the working day, and still gives good results. However, 
should it be necessary, a different percentage of inoculum may be used. The 
starter quotient is independent of the initial stationary and lag phases and 
the final inactive and death phases of bacterial growth. Much of the uncer¬ 
tainty which characterizes these phases and is included in a determination 
of the over-all growth rate therefore is eliminated from the starter quotient. 
Finally, from a comparison of acidity-time curves such as those of Monrad 
and Helmer (6) for milk and the ones given by Dolby (4) for cheese curd, 
it appears that the rates of acid development in milk and in cheese curd are 
not dissimilar. To this extent, therefore, a rating of a starter in milk culture 
also should be an index of its behavior in the cheese curd. 

Only brief comment is offered on the question of variability of the starter 
quotient. The cheese starters in common use on this continent are made up 
of several species of lactic acid-producing organisms. An equilibrium among 
these organisms is maintained by uniformity of the conditions in carrying 
the starter. In addition, there is a variability of properties of a normal 
population of each species or each strain. Equilibria between the acid toler¬ 
ant and non-tolerant organisms and between temperature tolerant and non- 
tolerant organisms would be important. The starter quotient, therefore, is 
an index of the average acid-producing ability of all the organisms present 
in the starter. While a starter may, over a period of time, become unsuit¬ 
able for cheesemaking from the point of view of acid production, this is not 
a weakness of the starter quotient; on the contrary, the starter quotient may 
be used in ascertaining when the starter needs attention or replacement. 

• 

SUMMARY 

Starter which has been transferred the day before is inoculated at the 
rate of 3 per cent into 250 ml. pasteurized whole milk and incubated at 98° 

. F. Titrations are made at 0,1, 2, 3, 4, and 5 hours, and, in addition, the 
milk cultures are mixed every half hour. The lactic acid-producing ability 
of the starter is calculated by dividing the first titratable acidity which is 
0.23 per cent or over by the titratable acidity obtained 2 hours later, pro¬ 
vided that the second titration does not exceed 0.56 per cent The result is 
expressed as a simple ratio, omitting the decimal point for convenience, and 
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is termed the starter quotient. Mathematically, the starter quotient is based 
upon the observation that titratable acidity in a milk culture under defined 
conditions increases geometrically. The quotient remains constant over the 
range 0.23 to 0.56 per cent and is independent of the amount of inoculum 
used. Data are presented illustrating the properties of the starter quotient, 
and a comparative rating of 13 Canadian cheese starters is given. 
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OBSERVATIONS ON THE INSTABILITY OP THE PROTEIN 
PHASE OP FROZEN CONCENTRATED MILK* 

P. J. DOAN and P. G. WARREN 
The Pennsylvania Agriemltural Experiment Station, State College 

The gradual progressive flocculation of some of the protein of milk as a 
mult of frozen storage has been observed by a number of workers, some of 
whom (1, 2, 3, 5, 6, 8, 9,11,14) have noted that the instability of the protein 
phase is aggravated by such influences as lengthened periods of storage, com¬ 
paratively high storage temperatures, increased concentration of the milk, 
and comparatively high heat treatments applied as forewarning or super¬ 
heating procedures in advance of freezing. It also has been noted that the 
flocculation is reversible with heat to a remarkable degree (5, 8, 9,14), but 
factors affecting reversibility have not been studied. Little is known con¬ 
cerning the effect of “stabilizing salts” or of higher pH in delaying this type 
of protein precipitation (4,10,11), although with other types of coagulation 
they are known to be inhibiting. 

The causes of protein flocculation in frozen stored milk are not estab¬ 
lished definitely, but they are best postulated by Sommer (13), who suggests 
that higher salt concentration, probable higher acidity, physical crowding 
of the protein micelles by ice crystals, and loss of water of hydration are the 
destabilizing factors, with the increasing viscosity as an opposing factor. 
Webb and Hall ,(14) are convinced that calcium caseinate (a weakly hy¬ 
drated sol in milk) comprises the bulk of the flocculated protein and believe 
that frozen storage further lessens the hydrophylic character of this protein 
so that on thawing it behaves more as a strictly hydrophobic substance. 

Existing knowledge concerning the flocculation phenomenon still is 
meager and in several respects inadequate. In view of the likelihood that 
more milk and milk products will be stored and handled in the frozen state 
as the possibilities become better appreciated, it seemed desirable to acquire 
more information concerning the instability of the protein phase, particu¬ 
larly since this appears to be the limiting factor in the storage life of frozen 
concentrated forms of milk. 

EXPERIMENTAL. METHODS 

Inasmuch as protein flocculation during frozen storage was the only 
phenomenon under study, all observations were made .on skimmed milk to 
eliminate the interfering effect of the fat phase. Fresh, factory-skimmed 
milk was forewarned, concentrated, cooled, standardised, filled into suitable 

Received for publication July 13, 1947. • . . 

1 Authorised for publication July 3,1947, as paper no. 1380 in the Journal Series of 
the Pennsylvania Agricultural Experiment Station. 
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pint containers, and frozen statically at approximately -10° F. (- 23.3° C.). 
After 24 hours, when solidly frozen, it was stored at either + 5° F. (-15° C.) 
or at -10 to -15° F. (- 23.3 to - 26.1° C.). A sufficient number of pint 
containers of each lot of milk was filled to allow periodic withdrawal of one 
at each observation during the course of frozen storage. The higher storage 
temperature used was obtained in a large, accurately controlled ice cream 
cabinet, and the lower in an experimental hardening room which fluctuated 
about 5° F. (2.8° C.), although in a few comparisons the fluctuation 
amounted to 10° F. (5.6° C.). 

When examined, frozen samples were taken from the containers, weighed 
into 2-1. beakers and reconstituted and thawed with the proper weight of 
distilled water at 180° F. (82.2° C.). Defrosting was accomplished without 
agitation and the appearance of the thawed samples was noted. They then 
were thoroughly agitated by pouring ten times. 

Volume of Flocculated Protein 

A 50-rnl. portion of the well-mixed sample was placed in a graduated, 
tapered, centrifuge tube and whirled at 2,000 r.p.m. for 15 minutes in a 
centrifuge with a 12-inch head. The tubes were decanted carefully, made 
up to the original volume with ice-cold distilled water, centrifuged again for 
10 minutes, and the per cent of flocculated protein measured by volume. 
This method is similar to that of Anderson and Pierce (1), except that they 
weighed the protein in a wet state, and is almost identical with that of Bab¬ 
cock et al. (2), who reported results as “cc. of sediment”. 

Other Tests 

Alcohol numbers were determined as described by Doan (7). Tit ratable 
acidity measurements followed the recommendation of Sommer (12).' De¬ 
terminations of pH were made at 25° C. with a Beckman industrial model 
pH meter, utilizing a glass electrode standardized by means of buffer tablets 
made by Coleman Instrument, Inc., according to the formulas of Kolthoff, 
Mellvaine, and others, using sodium tetraborate and potassium phosphate. 

Heat Redispersion of Flocculated Protein 

About 100 ml. of a well-mixed defrosted and reconstituted sample were 
placed in a 300-ml. beaker and heated over a low flame with continuous agi¬ 
tation until athermometer in the liquid regis ter e d exactly 150° F. (65.5° C.) 
or 200° F. (93.8° C.), depending on the degree of flocculation present, after 
which tiie beaker immediately was immersed in ice water. After heat treat¬ 
ment, the volume of flocculated protein again was determined as a measure 
of tiie degree of redispersion accomplished by the heat treatment. 

Other methods and variations employed are described in the appropriate 
places. 
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EXPERIMENTAL RESULTS 

The appearance of variously treated samples of concentrated skim milk 
after 12 weeks of frozen storage is illustrated in figure 1. These samples 
were defrosted and reconstituted without agitation. They exhibit various 
abilities to disperse into the water of reconstitution, depending on the indi¬ 
vidual degree of protein denaturation. Figure 2 shows two of the samples, 
of differing dispersibilities, after pouring ten times ami standing 10 minutes. 
It will be noted that sample no. 2 presented an entirely normal appearance 
after agitation, whereas no. 4 showed a definite tendency to settle on the part 



Fjg. 1. A series of samples of thawed and reconstituted frozen concentrated skim 
milk after 12 weeks storage. (Samples 1 to 4, forewartned at 190° F. for 15 minutes; 
5 to 8 at 190° F., flash. Humpies 1, 2, 5, and 6 stored at —10 to -15° F.; 3, 4, 7, and 8 
at 4*5° F. Samples l, 3, ft, and 7 reconstituted with water at 80° F.; 2, 4, 6, and 8 with 
water at 180° F.; 1 

of the small flakes present. When the no. 4 sample was heated to 150° F., 
however, it became just as normal in appearance as no. 2. 

Nature of the Floe 

Characteristics. The protein flocculation gradually occurring during 
the frozen storage of concentrated milk is not apparent while the milk is 
frozen. On thawing, and particularly on thawing accompanied by dilution 
■with water, it first becomes evident as a fine, feathery, and somewhat fragile 
precipitate. Initially, it seems to redisperse on mere standing. When more 
pronounced, it can be dispersed by vigorous agitation, but eventually dena¬ 
turation proceeds so far that no amount of simple agitation will cause it to 
assume a normal dispersed condition. In advanced stages, a gross precipi¬ 
tation and a wheying-off are evident. 
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Fig. 2. Two of the samples shown in figure 1 after pouring ten times and standing 
.10 minutes. (Sample 2 stored at -10 to - 15° F. Sample 4 stored at + 5° F.) 

Freezing alone causes no measurable precipitation of the protein. This 
was noted scores of times during the course of the study. Measurable 
amounts of floe were obtained only after a time interval in the frozen state, 
the length of the interval being governed by other conditions. Typical 
results are shown in table 1. No significant deposits of protein were ob¬ 
tained on centrifugation of these samples until after 1 week of storage at 
+ 5° F., or until after 8 weeks of storage at -10 to - 15° F. 

The relative fragility of the floe and its tendency to redisperse in the 

TAIILK J 

The volume of flocculated protein produced by frozen storage of 
concentrated Mm milk (4:1) 

(Reconstituted basis) 


Weeks in 
storage 

Immediately after thawing 
and mixing 

2 hr. at room temperature after 
thawing ana mixing 

At-10 to 
-15° F. 

At+ 5° F. 

At -10 to 
-15° F. 

At+ 5° F. 


<%) 

(%) 

(%) 

(%) 

Unfrozen 

0.50 

0,50 

0.50 

0.50 

0 

0.50 

0.50 

0.50 

0.50 

1 

0.50 

8.00 

0.50 

2.50 

2 

0.50 

15.00 

0.50 

7.00 

4 

0.75 

15.50 

0.50 

15.00 

8 

1.00* 

15.00 

0.75 

16.00 

10 

2.50 

15.00 

0.75 

18.00 

12 

8.00 

15.00 

0.75 

17.50 


* Visual evidence of flocculation in thawed reconstituted samples is noted between 
1.00 and 2,00 per cent. 
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early stages are well shown by a comparison of the volumes obtained immedi¬ 
ately after thawing and after 2 hours of standing. In the later stages, redis¬ 
persion is not evident; in fact* the tendency is toward greater volume of 
precipitate, which may be due to gradual hydration insufficient to cause 
peptization but enough to increase the bulk of the deposit in the centrifuge 
tube. It is believed that this tendency to redisperse on standing is respon¬ 
sible for some of the minor fluctuations noted in the data on volume of pre¬ 
cipitate throughout the study. 



Fig. 3. Redisporsion by heat of flocculated protein in frozen and stored concen¬ 
trated skim milk (3 : 1) (average of 13 trials). 

• 

Reversibility mth heat and agitation. The effect of heat in peptizing 
the flocculated protein of thawed and reconstituted frozen milk after various 
intervals of frozen storage is strikingly shown in figure 3. After 8 weeks 
of storage, the samples exhibited an average of about 16 per cent flocculation. 
When heated to 150° F., they showed only about 10 per cent and when heated 
to 200° F., the volume of flocculation was insignificant. Agitation and 
homogenization alone or coupled with heat also causes a redispersion of 
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frozen storage flocculated protein, as shown by the data in table 2. It ap¬ 
pears, therefore, that the redispersion of this protein is in the nature of a 
simple dissociation accomplishable by beat or mechanical work. 

Similarity to “salted-out casern”. Observations on the protein floccu¬ 
lation encountered in this study led to the belief that the precipitation is in 
the nature of a “salting out” process, readily reversible in the early stages 
merely by removing the cause but becoming less reversible with time. The 
effect of the time factor on the properties of a “salted-out” calcium caseinate 
held in the brine at room temperature was compared with the properties 
previously presented of a protein flocculated under conditions of frozen 
storage. 

TABLE 2 

Jtedinpcruion of prof tin flocculated in milk bp frozen storage an influenced 
bp heat and mechanical work 

Treatment of thawed reconstituted milk 


Immediately after mixing 
Standing 2 hr. after mixing 
After mixing and heating to 150° F. 

After mixing and heating to 200° F. 

After mixing and homogenizing* at 70* F. 

After mixing and homogenizing* at 150° F. 

After mixing and homogenizing* at 200° F. 

After mixing and agitatingt at 70° F. 

After mixing and agitatingt at 150° F. 

After mixing and agitatingt at 200° F. 

* Accomplished by means of a laboratory hand homogeiuzer. 

t Accomplished with a Waring Blendor in 60 seconds. 

A portion of concentrated skim milk (3:1) was treated in a large Erlen- 
meyer flask with 36 g. of sodium chloride per 100 g. of water present and 
allowed to stand at room temperature. At intervals the precipitated mix¬ 
ture was agitated thoroughly and two samples removed for examination. 
The first was simply reconstituted, resulting in a dispersion which was about 
one-fourth saturated with sodium chloride. A portion of this was allowed 
to stand at room temperature for 2 hours while two other portions were 
heated to 150 and 200° F., respectively. The second sample was dialyzed 
against cold tap water for 48 hours followed by reconstitution, and a portion 
of this was heated to 200° F. The volume of the precipitate then was de¬ 
termined on all portions of each of the samples in the usual manner. The 
results are given in table 3. 

The development and behavior of salted-out ealcium caseinate stored in 
the brine and of protein precipitated from milk by frozen storage are, to all 
intents and purposes, identical. At' first, both are reversible with removal 
of the cause, but upon introduction of a time factor, reversibility grad ually 
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• is lost. Both are reversible for a time by heating, but eventually this too 
becomes ineffective. 

Some of the dialyzed calcium caseinate salted from skim milk was com¬ 
pared with the washed coagulum obtained from some of the frozen and stored 
concentrated milk samples after dispersing by reconstituting and heating. 
Treatment with acids, alkalies, salts of heavy metals and alcohol, saturation 
with sodium chloride and magnesium sulfate, heating to boiling, and addi¬ 
tions of rennin and rennin plus calcium chloride gave identical results. The 
sols from each type of precipitate gave similar isoelectric ranges (pH 4.60 
to 4.72), as judged by the turbidity of filtrates from series tests made by 
adding increasing amounts of acetic acid. It seems justifiable to conclude 

TABLE 3 

Volume and behavior of salted-out calcium cwinate when stored in the brine at 
room temperature in the form of concentrated skim milk (3:1) 
saturated with sodium chloride 



Volume of flocculated protein 

Stored at 

Undialyzed but reconstituted 

Dialyzed 48 hr. and 

room 

(about i saturated with NaCl) 

reconstituted 

temperature 







At once 

After 2 hr. 

Heated— 

Heated— 

Cold 

Heated— 



standing 

150° F. 

200° F. 

200° F. 

(weeks) 

(%) 

(%> 

(%) 

(%> 

(%> 

(%> 

0 

0.25 






1 

3.00 

0.50 

0.25 

0.25 

0.25 


2 

4.00 

2.00 

0.25 

0.25 

0.25 


4 

7.50 

3.50 

0.25 

0.25 

0.25 


0 

■ DOH 

8.00 

1.00 

0.25 

0.25 


8 

Ifill 

10.00 

2.50 

0.75 

1.00 

■ 

12 



7.50 

3.00 

26.00 

■ 

14 

24.00 

■ 

20.00 ! 

17.00 

28.00 

■ 

18 

22.00 

■ ■ 

24.00 ! 

22.00 

34.00 


22 

24.00 

26.00 

24.00 

24.00 J 

31.00 



that the flocculation developing in frozen and stored milk is calcium casein¬ 
ate. as Webb and Hall (14) have assumed. Only traces of albuminous sub¬ 
stances were detectable in the prepared sols from frozen milk floes, indicating 
that these were in the nature of contaminants and not a part of the coagulum 
proper. 

The Effect of Freezing and Frozen Storage of Concentrated Skim Milk 
on Tit rat able Acidity, pH, and Alcohol Number 

Determinations of titratable acidity, pH, and alcohol number (protein 
stability) were made on a large number of skim milk samples variously 
treated, concentrated, frozen, and stored. These were made before freezing, 
after freezing, and at various intervals during frozen storage. No significant 
changes in any of these values with any of the samples were noted when 
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comparisons were made on an equivalent reconstituted basis. Alcohol num¬ 
bers, of course, could not be obtained on stored samples which exhibited 
visible flocculation. Nevertheless, when the protein of such samples was 
redispersed by heating, the alcohol number showed no change from the 
original unfrozen sample. It therefore can be concluded that neither freez¬ 
ing nor freezing and storage causes any permanent change in these three 
characteristics of milk. 

Effect of Forewarming Temperature of the Concentrated Skim Mitk 
on Protein Stability in Frozen Storage 

Preliminary comparisons showed that the interval of heating fluid skim 
milk prior to condensing exercised an insignificant influence on the stability 
of the protein in subsequent frozen storage but that the temperature used 

TABLE 4 

The volume of flocculated protein in frozen and start d concentrated skim 
milk (3:1) as influenced by the fore warm in (l temperature 
(Storage at -5 to - 15° F.) 


Weeks in 


Temperature of fore warming (approx. 15 min.) 

* 

storage 

145° F. 

160° F. 

170° F. 

180° F. 

100° F. 

200 ' P. 


(%> 

(%> 

<%> 

(%) 

<%) 

(%> 

Unfrozen 

0.50 

0.50 

0.50 

0.50 

0.50 

0.5O 

0 

0.50 

0.50 

0.50 

0.50 

0.50 

0.5O 

2 

0.50 

0.50 

0.50 

0.75 

0.50 

0.75 

4 

0.50 

0.50 

0.50 

0.75 

0.75 

0.75 

6 

1.00 

0.50 

0.50 

1.00 

0.75 

0.75 

8 

1.00 

0.75 

0.50 | 

1.50 

2.00 

1.50 

10 

1.00 

0.75 

0.75 ! 

5.25 

5.50 

6.50 

12 

1.25 

0.75 

0.75 | 

11.00 

7.25 

9.00 

14 

1.25 

1.00 

0.75 j 

11.50 

9.00 

13.75 

10 

1.50 

1.00 

0.75 j 

18.50 

12.50 

13.75 


had considerable effect. Several trials were made using forewarming tern- 
peratures from 145 to 208° P. (62.8 to 97.7° €.). Typical results are 
presented in table 4 for samples stored at -5 to -15° P. Similar results 
were obtained at + 5° F., but the flocculation was much more rapid and the 
effect of the variable was less clear. 

Temperatures of forewarming between 145° P. and the apparently crit¬ 
ical point of 170° P. do not influence materially the rate of flocculation, but 
with higher temperatures the stability of the protein definitely is lessened. 

Effect of Concentration of Milk and Storage Temperature 
on Protein Stability in Frozen Storage 

Increasing concentration of the milk and increasing storage temperatures 
previously have been reported as decreasing the stability of the millr protein 
during frosen storage. The results obtained in this stndy are in accord with 
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previous results and are tabulated in table 5. These are averages of six 
trials at various forewarming temperatures using paired samples. 

Effect of Added Halts on Protein Stability in Frozen Storage 
A large batch of concentrated skim milk was divided into six parts. 
Each of five parts received additions of one of the following salts, dissolved 
in the water of standardization: calcium acetate, sodium citrate, disodium 
phosphate, sodium hexametaphosphate, and sodium tetraphosphate. The 
amounts added were sufficient to produce a M/600 concentration of the 
respective salt on the basis of the volume of milk. This was repeated with 
concentrations of M/300 and M/150. The variously treated samples and 

table 5 


The volume of flocculated protein in fmzi n and stored concentrated skim milk as 
influenced bp concentration and storage temperature 
(average of sue trials) 


Wet‘k8 in 
lit ora gc 


Unfrozen 

0 

o 

4 

6 

8 

10 

12 

14 

Hi 


Al - 5 to 
Toil centra toil 

3: 3 

0.25 

0.25 

0.50 

0.50 

0.50 

1.00 

2.50 

4.25 

5.75 

0.50 


(Vniecnt rated 
4:1 

0.50 

0.50 

0.50 

0.75 

1.00 

1.50 

4.25 

5.75 

8.00 

14.00 


At ) 

.Concentrated 
3:1 

0.25 
0.25 
8.00 

11.25 
15.00 

16.25 


17.00 


Concentrated 

4:1 


0.50 

0.50 

10.50 

15.00 

14.00 

14.00 


16.00 


a control then were frozen, stored at » 5° F. to accelerate the action and 
examined at intervals as usual. 

Protein flocculation was not affected by calcium acetate, was slightly 
retarded by sodium citrate, but was considerably inhibited by the calcium 
sequestering salts (polyphosphates) which contributed a slightly objection¬ 
able astringent, flavor at the highest concentration used. The results of this 
study with the M/150 concentrations are shown graphically in figure 4. 

If, as has been suggested, protein flocculation in frozen storage is due 
to a “salting out” effect, it is difficult to visualize how relatively slight addi¬ 
tions of salts of the type used would exercise any material influence on the 
stability of the milk protein because the water of the milk must be at or near 
the saturation point of several naturally-occurring salts. It appears, how¬ 
ever, that the suppression of the calcium ion is an effective stabilizing factor 
even under these extreme conditions. 

Effect of pH Adjustment on Protein, Stability in Frozen Storage 

Two trials were made in which the pH of the concentrated skim milk was 
increased by 0.4 and decreased about 0.4 by means of sodium hydroxide 
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and lactic acid, respectively, added in the water of standardization. The 
results of the two trials were almost identical with respect to the effects on 
the development of the protein flocculate in frozen storage and on its ability 
to be redispersed with heat. The experience with one trial is presented in 
table 6. 



Fig. 4. The volume of flocculated protein in frozen and stored concentrated skim 
milk (3:1) as influenced by additions of various salts in M/150 concentrations. 

Either t increasing or decreasing the pH prior to the frozen storage of 
milk caused a slight but hardly significant acceleration of the rate of fioccu^ 
lation. Heat reversibility of the precipitation, however, very definitely was 
hindered by acidification and was favored slightly by alkalization. 'These 
results point to the importance of avoiding the use of high acid milk or milk 
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which has undergone significant bacterial action when a product possessing 
qualities of long storage life is desired. 


SUMMARY AND CONCLUSIONS 

Freezing, in itself, produces no measurable flocculation of the protein of 
concentrated skim milk which is not immediately reversible on defrosting 
and reconstitution. Frozen storage, however, causes a gradual change in 
the protein properties whereby, with time, the reversibility is lessened and 
a floe can be separated and washed by centrifugation. In the early stages 


TABLE 6 

The volume of flocculated protein in frozen and stored concentrated skim milk (8:1) 
and its ability to be redispersed by heat as inflcnccd by pH adjustments 
prior to freezing and storage at + 5 9 F. 

T Control—pH = 6.40 

Concentrated milk before freezing \ Alkalized—pH = 6.79 

Acidified—pH = 6.02 


Weeks in 
storage 

Control—reconsti¬ 
tuted pH = 6.62 

A lknliz<‘d—reconsti¬ 
tuted pH = 7.00 

A eidifi-'d—reconsti¬ 
tuted pH = 6.30 


ll 

i 

*8 si 
Jg 

SC ci 

2 

€ 

Heated— 
150° F. 

Heated— 
200° F. 

Cold 


Heated— 
200° F. 


<%) 

(%> 

(%> 

(%) 

(%) 

<%) 

(%) 

(%> 

(%) 

Unfrozen 

0.25 



0.25 



0.25 

0.25 


0 

0.25 



0.25 



0.25 

0.25 


1 

0.50 

0.25 

0.25 

2.50 

0.25 

0.25 

1.50 

0.75 

1.00 

2 

15.50 

0.25 

0.25 

20.00 

0.25 

0.25 

17.00 

2.50 

4.00 

3 * 

15.00 

0.25 

0.25 

16.50 

0.25 

0.25 

16.00 

10.00 

10.00 

4 

15.00 

0.25 

0.25 

16.50 

0.25 

0.25 

15.50 

14.00 

11.00 

5 

16.50 

0.25 

0.25 

18.50 

0.25 

0.25 

16.00 

13.00 

12.00 

7 

15.50 

1.00 

0.50 

17.50 

0.50 

0.25 

15.00 

14.00 

11.00 

9 

18.00 

1.00 

0.50 

20.00 

0.50 

0.25 

17.00 

14.00 

14.00 

12 

19.00 

2.00 

0.75 

19.00 

0.50 

0.25 

17.50 

15.00 

15.00 


this floe is redispersible with time or immediately by heat or agitation. In 
extended frozen storage the precipitated protein eventually loses completely 
its reversible character. 

Calcium caseinate “salted-out” of milk exhibits identical properties and 
behavior, when stored at ordinary temperatures in the brine, to those of the 
flocculated protein separated from milk after frozen storage. Qualitative 
tests of the two precipitates also are identical. It is concluded, therefore, 
that the floe of frozen milk is calcium caseinate which has been thrown out 
of its normal colloidal dispersion by a “salting out” action of the high con¬ 
centration of milk salts in the unfrozen water of the product 

Neither freezing concentrated skim milk nor holding it in the frozen 
state causes any change in titratable acidity, pH, or alcohol stability when 
determined after defrosting and reconstitution. Whatever alterations may 
exist in the frozen state, they are reversed quickly on defrosting. 

As bee been noted previously, flocculation of the casein is accelerated by 
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concentration of the milk, higher storage temperatures, and longer periods 
of storage. It also is accelerated by the use of temperatures over 170° F. 
(76.6° C.) when applied as forewarming treatments in the process of con¬ 
centrating the milk. Temperatures up to this point do not seem to cause 
any significant variations. 

Calcium acetate and disodium phosphate in concentrations up to M/150 
do not affect the rate of flocculation. Sodium citrate slightly decreases it. 
and the calcium-sequestering polyphosphates definitely retard it but intro¬ 
duce a detectable astringent flavor. 

Neither raising nor lowering the pH of concentrated skim milk prior to 
frozen storage significantly alters the rate of casein flocculation. Both accel¬ 
erate it very slightly. However, the reversibility of the coagulation with 
heat is decreased decidedly when the milk is acidified and is increased 
slightly when alkalized. This emphasizes the importance of* avoiding bac¬ 
terial action in milk to be frozen and stored commercially. 
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PROPERTIES OP THE COLOSTRUM OP THE HAIRY COW. 

I. TOCOPHEROL LEVELS IN THE COLOSTRUM 
AND IN THE EARLY MILK 1 

D. B. PARRISH, 0. H. WISE,* and J. S. HUGHES 
Kansas AnricuUnm1 Experiment Motion, Manhattan 

The elucidation of the role of colostrum in the nutrition of the dairy calf 
suggested a study of the tocopherol concentration in this secretion. Such an 
investigation has received little attention. Mason (4) and Mason and 
Bryan (5) investigated this problem in rats by means of bioassays. They 
found that tissues of suckling rats from 24 to 48 hours of age were three 
to four times higher in vitamin E than were those of the newborn, indicating 
that colostrum of the rat was a rich source of tocopherols. Quaife (7). 
using a chemical procedure, found that early human milk had a higher 
tocopherol content than later milk. 

In an investigation of the nutritional significance of vitamins A and E 
for the dairy cow 7 , an opportunity was presented for studying the tocopherol 
content of the mammary secretions during the period of transition from 
colostrum to normal milk. The results of this phase of the investigation are 
reported herein. 

EXPERIMENTAL 

Grouping , feeding , and management of experimental animals. Dairy 
cows and heifers of four breeds, Holstein, Ayrshire, Jersey, and Guernsey, 
were grouped on the basis of the quantity of supplemental tocopherols added 
to the ration (table 1) and according to the management of the cows. Group 
I included all the animals that did not receive supplemental tocopherols' 1 
and were subjected to standard herd management. Since a survey of the 
data, as indicated in subsequent results, revealed no marked effect of vita¬ 
min A 4 supplementation on tocopherol concentrations in colostrum, the cows 
supplemented with vitamin A only were included in this group. Group II 
received vitamin A in addition to tocopherols; Group III received only 
tocopherol supplements. The cow in group IV received no supplemental 
vitamins and was milked throughout the gestation period. Details of the 

Received for publication July 37, 3947. 

1 Contribution no. 341, Department of Chemistry, and no. 170, Department of Dairy 
Husbandry. 

2 Preseut address: Department of Animal Husbandry, Iowa State College, Ames. 

« Tocopherols in a soybean flour base were supplied by Distillation Products, Inc*., 
Rochester, N. Y. 

* Three forms of vitamin A concentrates were used: (a) vitamin A alcohol in a soy¬ 
bean flour base, (b) vitamin A alcohol in an oil medium, and (c) natural vitamin A ester 
in an oil medium. The first product was supplied by Distillation Products, Inc., Rochester, 
N. Y., and the latter two by the Borden Co., New York, N. Y. 
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quantities of vitamins given and the periods of supplementation are pre¬ 
sented in table 1. 

Vitamin A was included in this investigation, since the data presented 
herein were supplementary to a basic study of the effects of tocopherols on 
vitamin A and carotene in dairy cattle. All these supplements, except 
tocopherols in excess of 1 g., were administered per os in gelatin capsules; 
the larger amounts of tocopherol were combined with the concentrate mix¬ 
ture immediately before feeding. When both vitamins A and E were given, 
they were premixed and administered in the same capsule. Supplementation 
was discontinued at parturition. The rations were consumed readily by all 
animals except no. A-200, which refused some concentrate feed when the 
tocopherol supplement was introduced; however, the scheduled level of 
intake was resumed about 2 weeks before calving. 


TABLE 1 

Supplements given to pregnant cows daily 


Group 

Sub- 

No. of 

Days previous to date of expected parturition 

group 

animals 

28-14 

14-0 

1 

mm 

5 

No supplement 

No supplement 



6 

500,000 I.U. vit. A ale. 

1,000,000 I.U. vit. A ale. 


H 

7 

500,000 I.U. vit. A ester 

1,000,000 I.U. vit. A 
ester 

II 


6 

500.000 I.U. vit. A ale. 
and 0.5 g. a-Y'toco- 
phcrol 

1,000,000 I.U. vit. A ale. 
and 1 g. cr-Y-toco- 
pherol 

III 

a 

3 

10 g. mixed tocopherol 

10 g. mixed tocopherol 


mm 

1 (G—451) 

0.5 g. a-ytocopherol 

1 g. a-Y'tocopherol 


■9 

1 (G-467) 

4 g. mixed tocopherol ! 

4 g. mixed tocopherol 



1 (A-240) 

5 g. a-v-tocopherol 

5 g- a~Y-tocopherol 

IY 


1 (H-126)* 

No supplement 

No supplement 


* Cow milked through gestation, without the dry-rest period. 


The experimental subjects, except cow H-126, which was maintained 
on winter milking-herd rations, were fed a standard control diet consisting 
of a concentrate mixture (12.5 per cent crude protein), a good quality 
Atlas Sorgo silage, and high grade alfalfa hay. The concentrate feed was 
given at the rate of 1 lb. daily for 100 lb. of body weight, using the ^initial 
weight of the cow at the start of the trial as the basis for all subsequent 
feeding, which extended 7 days postpartum. Hay and silage were fed in 
the ratio of 1:2, the quantity being adjusted to the appetite of the individual 
cow. The animals were placed on the standard control ration approximately 
6 weeks prepartal; the respective vitamin supplements were introduced into 
the diet 4 weeks before the date of expected parturition. Silage was fed 
in the morning, hay in the afternoon, and concentrates in equal portions at 
the morning and evening feeding periods. Whenever the weather permit- 
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ted, the cows were released into an open lot, where water, salt, and bone 
meal were accessible. 

Collection of colostrum and milk samples . It is recognized that as the 
milk is removed from the udder the fat content increases several-fold from 
the foremilk to the strippings. Since a similar increase has been observed 
for colostrum (6), the use of small samples collected directly from the udder 
may give an erroneous conception of the concentration of fat-soluble sub¬ 
stances which apparently include the tocopherols. Therefore, special pre¬ 
cautions were taken to obtain samples that were representative of the entire 
mammary secretions at various stages. 

To prevent removal of colostrum by the newborn calf, the udder of the 
parturient cow was covered. The calf was segregated from its dam within 
4 hours after birth and was not permitted to nurse at any time. A further 
measure to insure representative sampling was emptying the udder as com¬ 
pletely as possible by standard milking procedures, including stripping. 
(This, contrary to popular belief, apparently did not predispose the dams 
to milk fever.) The mammary product, colostrum or milk, was mixed thor¬ 
oughly before aliquots were taken for analysis. The first colostrum was 
obtained usually less than 2 hours after calving and always within 6 hours. 
Subsequent samples were taken at the regular morning and evening milk¬ 
ing. The first four collections were analyzed individually, and the follow¬ 
ing collections, on the third, fourth, and eighth days, were analyzed as daily 
composites. 

Analytical procedures . The method for determining the tocopherol con¬ 
centration differed from that used by Quaife (7) only in the following 
respects: The samples for analysis ranged from 10 to 30 ml., depending upon 
the concentration of tocopherols. The removal of the Skellysolve B to 
obtain the residue containing the tocopherols was accomplished by evapora¬ 
tion under suction, using a water bath at 70° C. for heating. A Coleman 
spectrophotometer with a special cell holder that accommodated 7 x f inch 
absorption tubes was used in the assay. Readings were made at a wave 
length setting of 520 m/u.. The instrument was calibrated using pure natural 
a-tocopherol. 5 

Since colostrum often is high in carotenoid pigments, care was taken 
to decolorize the extract completely by hydrogenation; sometimes it was 
necessary to use smaller aliquots to accomplish this. Occasionally fats 
tended to separate from the final hydrogenated extract. This precipitated 
material redissolved if the absorption tube containing the extract was placed 
in a water bath at 35° C. and shaken gently prior to the addition of the 
analytical reagents. 

Milk fat content was determined by the standard Babcock procedure. 

Method of expressing results . Not only was considerable variation found 

« Supplied by M. L. Quaife, Distillation Products, Inc., Rochester, N. Y. 
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in the fat content of the mammary secretions from different cows during the 
colostric period but also from milking to milking in the same individual. 
To illustrate the possible effect of this latter factor upon the results when 
considering either a single or a few individuals, the tocopherol data for a 
typical group (I-c) and for an individual (G-468) which shows consid¬ 
erable deviation from the group average, are expressed in both y/100 ml. of 
fluid and y/g. of fat (fig. 1). The group averages (similar to those of the 
other experimental groups but not shown) indicate that the normal tendency 
is for tocopherol concentration to change from milking to milking in a 
definite manner. This decrease, as indicated in the subsequent discussion. 



Fig. 3. Tocophorols in colostrum and in milk expressed ns concentration per unit of 
fat and as concentration per unit volume. 

has been found to follow the exponential law (fig. 2). The graph for cow 
G-468 (fig. 1) illustrates how the seemingly natural trend, as judged from 
the average, sometimes may be obscured unless tocopherol concentration is 
related to fat content. Consequently, tocopherol values are expressed herein 
as concentration per unit of fat. 

, 

RESULTS AND DISCI SSION 

An examination of the results, shown in detail iu table 2, reveals that 
there was considerable individual variation in the tocopherol content of the 
mammary secretions of cows within the same dietary group. The limited 
number of observations did not indicate any appreciable differences ascrib- 
able either to the breed of cow or to the number of previous lactations. 
However, additional data will be required to establish fully the influence .of 
these aforementioned factors. While the first sample of colostrum usually 
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had the highest tocopherol content per unit of fat, the maximum value for 
several cows was reached in the second milking. 

The data of table 2 indicate that within group I, the average tocopherol 
content of the colostrum removed in the first milking Avas the highest for 
subgroup b and lowest for subgroup a, the average of the latter being almost 
the same as that for subgroup c. The average values for each of the three 
subsequent milkings were lowest for subgroup c; but as a whole, no striking 
differences are evident when values for the various samples from each of the 
three subgroups are compared. Apparently the addition of vitamin A to 
the basal diet had no definite effect on the level of tocopherols in the colos¬ 
trum. 

Tocopherol concentration in early colostrum was influenced by the levels 
of tocopherol intake (table 2 and fig. 2). Supplementation with 0.5-1 g. 
of tocopherols (group II) increased the concentration of this substance in 
colostrum 1.4 times the average level for cows not receiving this vitamin 
(group I). When 10 g. of tocopherols were given daily (group fll-a), the 
concentration of these substances in first colostrum was 4.5 times that found 
for unsupphunentetl cows (group I). The ratios of the tocopherol levels 
in the first sample of colostrum of the foregoing groups of cows were essen¬ 
tially the same as those for blood serum tocopherol levels of the respective 
groups at the time of parturition (3). 

There was a tendency for cows supplemented at the higher levels to 
maintain a greater concentration of tocopherols in the mammary secretions 
over a longer period of time than did those having a lower intake. Cow 
A-200 (table 2, group lll-a), which refused to consume all the supplement 
in the early stages, was an exception to the general trend. 

The low tocopherol values for H-126, which was milked throughout the 
gestation period, are in sharp contrast to those having the rest period. This 
suggests that normally within this period the cow accumulates reserves of 
tocopherols which rapidly are eliminated during the colostric period to pro¬ 
vide for specific needs of the calf. However, the tocopherol requirements, 
which have not been established for the calf, may be less than the quantity 
normally obtained through ingestion of colostrum. 

No data on the tocopherol content of silage have been found, but the 
grains and hay of the daily basal ration fed the cows probably contained 
from 0.5 to 1.4 g. of tocopherols, based upon the limited data of Cabell and 
Ellis (1). Presumably on a basal diet of lower tocopherol content the dif¬ 
ference in tocopherol levels of colostrum from supplemented and unsupple¬ 
mented animals would be greater than observed in this study. 

In comparing the tocopherol concentration of the first mammary secre¬ 
tion with that of the eighth day, it was found that for cows receiving no 
supplemental tocopherols (group I), the average level of these substances 
was seven times higher in the first secretion than in the latter. Similarly, 
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herd number of the cow. 

t Caw milked through gestation; no dry-rest period. 
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for cows on the lower level of supplementation (group II), the initial value 
was nine times higher, and for cows receiving 10 g. of tocopherols (group 
Ill-a), 12 times higher . 

Tocopherols in the colostric fat tended to decrease logarithmically dur¬ 
ing the first 4 days of the transition from colostrum to normal milk (fig. 2). 



Pig. 2. Changes in concentration of tocopherols in the fat during tho transition 
from colostrum to normal milk (concentration is plotted on a semidog scale)! The first, 
milkings averaged approximately 3 hours postpartum. Group I-a received no vitamin 
supplements; group I-b received vitamin A alcohol; group I-e received vitamin A ester; 
group II received vitamin A and 0.5-1 g. of tocopherols; group Ill-a received 10 g. of 
tocopherols; group IV received no vitamin supplements and was milked throughout the 
gestation period. 

Subgroup I-a and group Ill-a included several cows that secreted the 
highest concentration of tocopherols at the second milking; with these 
groups the logarithmic decrease commenced after the second milking. The 
rates of change of tocopherols in the colostric fat were similar for all groups, 
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the change per gram of fat being between 0.18 and 0.26 y/milking/y. In 
the case of cow H—126 the change was rather erratic, but the general trend 
suggested a rate of only one-sixth to one-ninth of the foregoing rates. 
Group Ill-a, which received 10 g. of tocopherols daily, tended to maintain 
the initial rate of decline for a. longer period than did the other groups. 
Except for group Ill-a, after about five to seven milkings a less rapid rate 
of decline in tocopherol concentration is observed (fig. 2). This condition 
probably resulted from two factors acting simultaneously: depletion of 
tocopherol reserves, and continued intake of tocopherols in the standard 
daily ration consumed during the postpartum period. If a cow were placed 
upon a tocopherol-free ration at parturition, probably the initial rate of 
change of tocopherols in the milk fat would be maintained for an extended 
period, and lower levels would be reached. 

As previously indicated, the logarithmic trend seems to be most distinct 
for individual cows when tocopherols are expressed as concentration per 
unit of fat rather than as concentration per unit volume of mammary secre¬ 
tion. This suggests that the mammary output of tocopherols depends upon 
the quantity of fat secreted per unit of time as well as upon the other physio¬ 
logical processes involved in the mobilization and secretion of tocopherols. 
The indication of a relationship of fat and tocopherols in the mammary 
secretions is of further interest in light of the evidence, summarized by 
Hickman and Harris (2), leading to the conclusion that tocopherols, unlike 
vitamin A, are not associated primarily with fat in plant and animal or¬ 
ganisms. 

Table 3 shows the total average quantity of tocopherols secreted at the 
various stages of the colostric period by the cows in each experimental group. 
The total tocopherol output of the first eight milkings also is given. The 
range of values again emphasizes the wide individual variations. In gen¬ 
eral, the differences in the averages for cows of the various groups are similar 
to those already pointed out in table 2, except the average differences be¬ 
tween groups I and II *are smaller than when tocopherols are calculated as 
concentration per unit, of fat. 

It is of interest to consider the quantity of tocopherols a calf receives 
during the colostric period. If the calf nurses and, as usual, does not 
empty the mammary gland, it receives the secretion of lower fat content in 
a variable and indeterminable quantity. But if it is assumed that a 100-lb. 
calf consumes daily 10 lb. of a mixed aliquot of a complete milking from its 
dam, calves from dams receiving no tocopherol supplements (group I) would 
obtain from 22 to 86 mg. of this vitamin during the first 4 days. If the 
dams received tocopherols at the 0.5-1 g. level (group II), the calves would 
obtain 61 to 84 mg. of this vitamin, averaging 30 per cent more than the 
former group. On the same basis, calves fed colostrum from cows receiving 
10 g. of tocopherols daily (group III—a) would consume about five times as 
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19 
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14 

8- 23 

14 

9- 33 

18 

8-30 

67 

29-133 

16 

29 

49 

11 ! 

to 

<3 

to 

ng 

30 

17-39 

18 

8-30 

17 

12-23 

26 

17-38 

135 

64-246 

28 

62 

74 

10 


, mg. /millet 
19 

14-23 

16 

7-32 

11 

4-16 

24 

12-35 

1 

80 

37-104 

15 

18 

54 

6 

CO 

ocopherols, 

13 

8- 19 

26 

12- 38 

18 

9- 25 

30 

13- 60 

77 

45-304 

31 

36 

62 

4 

<N 

T 

16 

12-21 

30 

10-65 

20 

6-32 

22 

3-52 

93 

71-124 

j 

57 

72 

80 

5 

pH 

38 

20-68 

38 

9-59 

39 

8-68 

47 

4-99 

142 ! 

56-220 : 

81 

i 

102 

69 

6 


Av. 

Bange 

Av. 

Bange 

Av. 

Bange 

Av. 

Bange 

Av. 

Bange 

Bation 

supplement 

None 

Vit. A ale. 

Vit. A ester 

Vit. A ale. 
and 0.5-1 g. 
tocopherols 

10 g. mixed 
tocopherols 

* 0.5-1 g. i 

tocopherols 1 
5 g. | 

tocopherols 
4g- 

tocopherols 

None 

Subgroup 

a 

b 

c 

a 

! 

b (G—451) 1 

c (G-467) ' 

d (A—240) 

(H—126t) 

Group 

I 

II 

III 

i 

IV 


* First eight milkings. 

t Cow milked through gestation; no dry-rest period. 
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much of these substances as would calves from the unsupplemented dams. 
The calf of cow H-126, which had no dry-rest period, would have received 
less than one-half as much tocopherol as a similar calf from a dam subjected 
to standard herd management, which included a rest period of at least 6 
weeks. 

Interestingly, by the fourth day cow H-126 secreted into 10 lb. of milk 
practically as large a quantity of tocopherols as the average of all experi¬ 
mental animals not supplemented with tocopherols (group I) and 60 per 
cent of the quantity secreted by cows receiving these substances at the 
0.5-1 g. level (group II). In contrast, cows receiving 10 g. of mixed toco¬ 
pherols (group Ill-a) supplied an average of four times more of this vitamin 
during the fourth day than did cow H-126. 

At birth the tocopherol content of the blood serum of the calf was low 
but increased markedly upon ingestion of colostrum, the magnitude of the 
response varying with the tocopherol content of the colostric secretion (3). 
The response of the calf substantiates the direct measurements reported 
herein and is in accord with rat investigations (4, 5). 

SUMMARY 

Tocopherol levels were determined in the mammary secretions of dairy 
cattle during the period of transformation from colostrum to normal milk. 
The limited data revealed no differences that could be attributed either to 
the breed or to the number of previous lactations. 

For cows receiving tocopherols at 0, 0.5-1 g., and 10 g. levels of supple¬ 
mentation during the latter stages of gestation, the concentrations of these 
substances in the first colostrum were in the ratio of 1, 1.4, and 4.5, respec¬ 
tively. The average levels of tocopherols in the first colostrum from the 
same three groups were, respectively, 7, 9, and 12 times higher than in the 
milk on the eighth day. 

The change in tocopherol concentration in colostric fat followed a loga¬ 
rithmic trend that was similar for each of the experimental groups. Cows 
on the higher plane of supplementation tended to maintain the initial rate 
of change over a longer period of time than did those on a lower level of 
tocopherol intake. 

For the cow that was milked through the gestation period, tocopherol 
levels of the first postpartum secretions were much lower and the rate of 
decline was less than for cows having the normal dry-rest period. However, 
values for this cow were practically as high by the end of the colostric 
period (4 days) as were those of cows not receiving supplements of toco¬ 
pherols but allowed the dry-rest period. 

Calculations were made showing the quantities of tocopherol that a calf 
would receive during the colostric period through consuming colostrum from 
cows on the various levels of supplementation. 
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PARTURIENT PARESIS. I. THE INCIDENCE OF PARTURIENT 
PARESIS AND CHANGES IN THE TOTAL BLOOD SERUM 
CALCTUM AT PARTURITION IN PREPARTUM 
MILKED COWS 1 

VEAUL R. SMITH and T. il. BLOSSER 
Department of Dairy Husbandry, University of Wisconsin , Madison 

Dryerre and Greig (2) postulated that the marked decline in blood serum 
calcium at parturition was the result of the sudden initiation of lactation. 
Turner (7) suggested that prepartum milking may reduce the. incidence of 
parturient paresis or milk fever by a gradual initiation of lactation. In 
order to provide more conclusive information on this subject, an experiment 
was designed to ascertain the effects of prepartum milking on incidence of 
parturient paresis and upon the level of total blood serum calcium. 

EXPERIMENTAL METHODS 

This experiment was conducted on the Jersey herd of Biltmore Farms, 
Biltmore, North Carolina. At present the herd consists of approximately 
600 milking cows grouped into ten functional units. A maternity barn is 
maintained for calving cows for three of the units. With the exception of 
first-calf heifers, practically all of the cows that calved at the maternity barn 
for 7 consecutive weeks (February 28 to April 17,1947, inclusive) were pre¬ 
partum milked. Eleven cows calving at outlying units during the same 
period also were included. 

An effort was made to milk all cows 10 days prepartum based on the 
expected calving date and depending on when the cow was placed in mater¬ 
nity quarters. Usually prepartum milking began before the udder showed 
evidence of congestion. The cows were hand-milked twice daily. Milk pro¬ 
duction weights were taken for each prepartum milking. Calves were left 
with their dams from *1 to 3 days. 

Blood samples were drawn daily from 3 to .*> days before the anticipated 
day of parturition, and usually 3 days subsequent thereto. Ordinarily sam¬ 
ples were drawn between 8: 00 and 9: 00 a.m. In the event of parturient 
paresis, a blood sample was drawn immediately before treatment. Cows 
were not treated until definite comatose symptoms were evident. The blood 
serum samples were shipped in refrigerated cartons three times weekly to 
Madison, Wisconsin, for analysis. Total serum calcium was determined by 
the method of Clark and Collip (1). 

A summary was made of the total number of calvings and the incidence 

Received for publication July 21, 1947. 

* Published with the approval of the Director of the Wisconsin Agricultural Experi¬ 
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TABLE 1 

* Changes in the total blood serum calcium at parturition in prepartim milked cows 
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of parturient paresis of cows calving at the maternity barn for the 7 weeks 
prior to and subsequent to the period when the cows were prepartum milked. 

An analysis was made of the health records of cows calving at the mater¬ 
nity barn for the years 1943 through 1946, inclusive, excluding first-calf 
heifers. The herd was under the supervision of a veterinarian during the 
entire period, and complete records of all treatments were kept by the attend¬ 
ant at the maternity barn. 

For the purposes of this study a “normal calving” will indicate there 
were no symptoms of parturient paresis. 

RESULTS 

The results of the study are presented in tables 1, 2, and 3. Forty-six 
cows were prepartum milked for 2 to 16 days. On the day previous to 
parturition, milk production ranged from 0.3 to 32.2 lb., with an average 
of 13.0 lb. Nine of the forty-six, or 19.6 per cent of the cows, had parturient 
paresis. Average milk production the day previous to parturition for those 


TABLE 2 

The effect of prepartum milicing on the incidence of parturient paresis 



Period of: 

Control 

Prepartum 

milking 

Control 

Jan. 10-Feb. 27 

Feb. 28-Apr. 17 

Apr. 18-June 5 

Total parturitions. 

45 

46 

33 

Parturient paresis 

11 

9 

11 

% .... 

24.4 

19.6 

33.3 


cows having parturient paresis was 8.4 lb., and for cows with normal partu¬ 
ritions, 13.4 lb. 

The incidences of parturient paresis during the. 49-day periods before 
and following the period of prepartum milking are presented in table 2. Of 
the 45 cows that calved in the 49-day period just preceding that in which 
prepartum milking was done, 11 or 24.4 per cent had parturient paresis. 
Thirty-three cows calved in the first 49 days immediately following the 
period of prepartum milking, of which 11 or 33.3 per cent had parturient 
paresis. The difference in the incidence of parturient paresis during the 
prepartum milking period and control periods is not statistically significant 
by the chi-square test of independence and association. The incidence of 
parturient paresis in the same herd for the 4 previous years was 19.3 per cent 
(table 3). 

Cow 112 appeared lethargic the morning of the day of parturition, and 
her condition grew progressively worse toward evening, at which time she 
was staggering. The attending veterinarian diagnosed her condition as 
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parturient paresis. Subsequent analysis showed the total serum calcium 
level to be 5 mg. per cent. A posterior pituitary extract was given, and 
delivery of the calf was manually aided. 

Cow M104 was housed at one of the outlying units and blood samples 
were not obtained. This cow was unable to arise the day after parturition, 
and her condition was diagnosed by the veterinarian in charge as parturient 
paresis. She responded to calcium gluconate therapy. 

Thirty-five of the forty-four cows oil which total serum calcium was deter¬ 
mined showed a definite drop in the calcium level the day of or day after 
parturition. Three other cows, 47, 113 and 367, had relatively low 7 total 

TABLE 3 


Incidence of parturient paresis of cows calving at maternity barn of Biltmore Farms 
(1943 through 1946 , inclusive , excluding first-calf heifers) 


Months 

Total no. of 
parturitions 

Parturient paresis 

Parturient paresis 




<%) 

Jan. 

111 

26 

23.4 

Feb. 

130 

38 

29.2 

March 

123 

13 

10.6 

April 

105 

27 

25.7 

May 

105 

27 

25.7 

J une 

97 

15 

15.5 

July 

111 

23 

20.7 

Aug. 

108 

22 

20.4 

Sept. 

63 

~8 

12.7 

Oct. 

72 

4 

9.7 

Nov. 

81 

10 

12.3 

Dec. 

77 

12 

15.6 

Total 

1183 

228 

19.3 

May-Sept. 

484 

95 

19.6 

Oct.-April 

699 

133 

19.0 


serum calcium levels on the day of parturition, but previous blood samples 
were not obtained, so no comparison could be made. Cows 132 and 541 had 
relatively low total serum calcium levels before parturition. 

DISCUSSION 

A comparison of tables 1, 2, and 3 shows that prepartum milking as per¬ 
formed in this study did not reduce the incidence of milk fever. In some 
cows, milk secretion w*as not stimulated by prepartum milking, even though 
milking began several days before parturition. Although average milk 
production was not as high in cows having parturient paresis, milk flow T was 
well established in five of these cows—112, 129, 372, 512, and M104. With 
cow 112, parturient paresis occurred before parturition. Preparturient 
paresis is not uncommon, as statistics compiled by Jensen (5) showed that 
parturient paresis occurred before parturition in 4.24 per cent of 1,107 cases. 

There were no marked differences between the summer and winter months 
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on the incidence of parturient paresis in this herd (table 3). Generally, 
these cows are turned to pasture the first 2 weeks of March. Parturient 
paresis occurred just as frequently in the months from May through Septem¬ 
ber as from October through April. This observation is in agreement with 
Hibbs et al. (4), but at variance with Metzger and Morrison (6) and Hender¬ 
son (3). 

SUMMARY 

Forty-six cows were prepartum milked from 2 to 16 days. Nine of these 
cows had parturient paresis. 

Prepartum milking did not significantly reduce the incidence of parturi¬ 
ent paresis. 

It would seem from the results of this study that factors in addition to 
the initiation of milk secretion are involved in causing parturient paresis. 
The incidence of parturient paresis is not seasonal in this herd. 
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THE EFFECT OF FEEDING CERTAIN SYNTHETIC VITAMINS OF 
THE B COMPLEX ON THEIR CONTENT IN MILK AND URINE 

D. C. MARSH, P. B. PEARSON, and I. W. RUPEE 
Department of Biochemistry and Nutrition and Department of Dairy Husbandry, 
Agricultural and Mechanical College of Texas, College Station 

It is generally believed that the B vitamins are not essential in the diet 
of mature ruminants for normal growth, lactation, and reproduction. Weg¬ 
ner et al. (18) have demonstrated the ability of the bovine to synthesize a 
significant amount of thiamin, riboflavin, pyridoxine, biotin, nicotinic acid, 
and pantothenic acid when fed a ration very low in these factors. McElroy 
and Goss (9,10) indicate that thiamin is not a dietary essential for rumi¬ 
nants, but that the cow and the sheep synthesize this vitamin in the rumen 
and reticulum. The work of these investigators indicated the synthesis of 
thiamin, riboflavin, pyridoxine, and pantothenic acid in the ruminant. 
These vitamins were reported as being formed either in the body tissue or 
by microorganisms in the rumen. Nicotinic acid also was reported as being 
synthesized in the ruminant by Winegar et al. (20). Bechdel et al. (1) 
found the rumen microflora to be 90 per cent flavobacterium (their own 
designation). This organism was fed to rats after having been grown in 
a B complex-free media and found to be highly potent in the vitamin B com¬ 
plex. This probably explains why cattle can produce normal offspring and 
milk on a ration that is deficient in the vitamin B complex for rats. 

Williams et al. (19) determined eight vitamins of the B complex in milk 
from different species. They reported the vitamin levels in the different 
milks generally to increase progressively from human beings and the mare 
to the mouse. This increase in the content of these vitamins in milk of the 
different species is analogous with the rate at which these species reach 
maturity. This would seem to indicate that the B complex is a factor in 
growth rates. Pearson and Darnell (12) showed that colostrum from either 
the cow or the ewe was considerably higher in thiamin and riboflavin than 
was the normal milk of the respective species. Since nature provides an 
abundant supply of these two vitamins, possibly they are essential for early 
development and growth of young mammalia. There also are seasonal vari¬ 
ations in thiamin and riboflavin, as well as ascorbic acid, as shown by Holmes 
et al. (4). The change from a dry roughage to silage during the months of 
December and January caused a sharp increase (36 per cent within 2 days) 
in riboflavin content in Jersey and Holstein milk as shown by Theophilus 
and Stamberg (17). Considerable work has been done on feeding diets low 
in B vitamin, synthesis by the ruminant, and the effect of ration on B vita¬ 
min content in milk. A survey of the literature reveals no work concerning 
Received for publication July 30, 1947. 
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the feeding of these vitamins in the synthetic form and their effect on the 
contents in the milk. Since milk constitutes an important item in our diet, 
experimental work was undertaken to study this problem in dairy animals. 

EXPERIMENTAL 

Work was started with milking cows. Goats were used later to reduce 
the amount of synthetic vitamins fed and to permit the use of a metabolism 
cage for the collection of urine. A purebred Jersey cow and a purebred 
Holstein cow were selected from the college dairy herd. Since according to 
Pearson and Darnell (12) the amount of certain B complex vitamins is 
higher in early lactation, cows and goats were selected that were far enough 
along in lactation to assure normal milk. Previous lactations of these ani¬ 
mals were checked and found to be normal. 

The goats used in this experiment were reported by their previous own¬ 
ers to be purebreds—one a Saanen and the other a Toggenburg. They were 
stall-fed without access to pasture throughout the experiment. The concen¬ 
trate ration for each species was the ration used for the milking herd. A 
fair quality alfalfa hay was used, along with sorghum silage; however, the 
cows had access to pasture and as the experiment ran through the spring 
flush season, some changes in the intake levels of some of these vitamins may 
have occurred [Holmes (4) ]. 

Preliminary studies were completed on April 11, 1946, and the cows were 
placed on rations that had been supplemented with 500 mg. each of synthetic 
thiamin, riboflavin, nicotinic acid, and pantothenic acid. All four of these 
vitamins were fed concurrently to the cows as w T ell as the goats. Daily col¬ 
lection of samples began with the first milking on April 12, 1946. Collec¬ 
tions were made at this level for a period of 6 consecutive days; then the sup¬ 
plement was increased to 2 g. daily and collections were taken for 10 con¬ 
secutive days at this level. A further study was conducted at a 16-g. level. 
During this period one cow was fed ]6 g. of each of the vitamins for a period 
of 3 days. Samples of milk were taken on the second and third days and 
assays run on the samples. 

Goat no. 1, a Toggenburg, was placed in the metabolism cage for a period 
of 2 days on May 28,1946, and a preliminary study was made while thf goat 
was on the basal ration. In this case samples of milk, urine, and blood were 
taken and vitamin determinations were run on each of these products with 
thq exception that thiamin was not determined in blood. On June 7, goat 
no. 1 was placed in the metabolism cage for a period of 10 days and given 
the basal ration plus 2 g. of each of the vitamins for the first 5 days, no sup¬ 
plement being given during the last 5 days. This gave a study period of 
12 days during which time daily collections of milk and urine were made. 
The blood samples were taken on the second, seventh, and twelfth days dur¬ 
ing the study period. Goat no. 2, a Saanen, was given treatment identical 
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to that of goat no. 1. Further study on each goat was made at a low level 
of 250 mg., which is approximately equivalent to the 2-g. level for the cows, 
based on body weights of the two species. During this period of 4 days the 
goats were fed 250 mg. of each of the vitamins, and composite samples were 
made from daily collections of milk and urine. The blood samples were 
taken on the third day. 

The cows and goats were milked twice daily. Samples were taken from 
a.m. and p.m. milkings and a composite made for that day. The urine was 
collected from the goats by means of the metabolism cage and blood samples 
taken from the jugular vein. To prevent photochemical destruction of ribo¬ 
flavin (15), all samples of milk and urine were collected in brown bottles 
and stored in the dark at a temperature of 0 to 4° C. All laboratory work 
with this particular vitamin was carried out under subdued light. 

Thiamin was determined by the fluorometric method of Hudson (3). 
Riboflavin was determined by the microbiological method of Snell and 
Strong (14), with a slight modification devised by Isbell (6). Nicotinic acid 
was determined by the microbiological method of Krehl ct al. (8), with a 
slight modification devised by Isbell (6). Pantothenic acid was determined 
by the microbiological method of Strong et al. (16), as modified by Neal and 
Strong (11). 


RESULTS 

The data on the vitamin content of the milk from the cows are summa¬ 
rized in table 1. The average thiamin content of the milk of the Jersey and 
Holstein while on the basal ration was 44 /*g. and 34 /*g. per 100 ml. for the 
respective animals. These values compare favorably with the values rang¬ 
ing from 41 to 53 /ig. per 100 ml. for milk from a mixed herd of dairy cows 
(5). The thiamin values during the period of supplementation with 500 or 
2,000 mg. daily of thiamin were not significantly different from the values on 

TABLE 1 

The effect of 'the ingestion of thiamin, riboflavin , nicotinic acid, and 
pantothenic acid on the levels in the milk 
(Values iu jig. per 100 ml.)* 


Vitamin 

supplement 

Jersey 

Holstein 

Values 
on basal 
ration 

Levels of vitamin 
ingested 

Values 
on basal 
ration 

! Levels of vitamin 
ingested 

500 mg. 

2000 mg. 

500 mg. 

2000 114 

Thiamin 

44 

38 ' 

42 

34 

36 

39 

Riboflavin 

178 

198 

167 

98 

103 

88 

Nicotinic acid ... . 

104 

123 

119 

82 

90 

89 

Pantothenic acid 

341 

329 

399 

275 

268 

309 


* Values on basal ration average for 2 days, values during periods of vitamin supple¬ 
mentation average for 6 days. 
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the basal ration, indicating that the feeding of synthetic thiamin is not effec¬ 
tive in increasing the concentration in the milk. One cow was force-fed 16 g. 
of thiamin without any significant increase in the concentration of this vita¬ 
min in the milk. The milk of the goats fed 250 mg. of thiamin did not show 
any increase in thiamin level over the period during which the basal ration 
was fed. When 2 g. of thiamin were fed daily to goats, there was a signifi¬ 
cant increase in the level in the milk and a very marked increase in the 
amount excreted in the urine (fig. 1). 



Fig. 1. The effect of the daily ingestion of 2 g. of thiamin by goats on the levels 
of thiamin in the milk and urine. 

The feeding of synthetic riboflavin, nicotinic acid, and pantothenic acid 
to cows at levels of either 500 or 2,000 mg. daily for periods of 6 days did 
not increase significantly the concentration of these vitamins in the milk. 
The feeding of a massive dose of 16 g. of each of these three vitamins was 
without appreciable effect in-increasing the concentration of these vitamins 
in the milk. The milk of the cow fed 16 g. of riboflavin had a distinct green- 
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ish-yellow color characteristic of aqueous solutions of riboflavin. Milk from 
the cow and goats fed the higher levels of riboflavin gave a much higher 
value for riboflavin when determined fluorometrically than when measured 
microbiologically. An account of this phase of the work is reported in a 
separate paper (13). 

The daily feeding of 250 mg. of riboflavin, nicotinic acid, and pantothenic 
acid did not result in a significant increase in the concentration of any of 
the vitamins in the milk. The feeding of 2 g. daily of each of these vitamins 



Fia. 2. The effect of the daily ingeBtion of 2 g. of riboflavin by goats on the levels 
of riboflavin in the milk and urine. 

to goats resulted in a significant increase in the concentration of each in the 
milk and a very marked increase in the amount in the urine (figs. 2, 3, 
and 4). 


DISCUSSION 

The possible destruction of the water-soluble vitamins, as in the case of 
ascorbic acid, must be kept in mind [Knight et dL (7) ]. There appeared to 
be no significant increase in content in cow’s milk of any of the four vitamins 
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studied at the level fed in these studies. An analysis of variance of the data 
was conducted to determine breed differences in milk levels relative to the 
four vitamins studied. Tn each case there was found to be a significant breed 
difference on a unit basis. The average values observed were: thiamin, 44 
/xg. per 100 ml. in Jersey milk as compared to 34 /xg. per 100 ml. in Holstein 
milk; riboflavin, 198 /xg. per 100 ml. in Jersey milk and 98 /xg. per ml. in 
Holstein milk; nicotinic acid, 104 /xg. per 100 ml. in Jersey milk and 82 /xg. 
per ml. in Holstein milk; and pantothenic acid, 341 /xg. per 100 ml. in Jersey 
milk and 275 /xg. per 100 ml. in Holstein milk. These values were for normal 



COLLECTION DAYS 

Fig. 3. The effect of the daily ingestion of 12 g. of nicotinic acid by goats on the 
levels of nicotinic acid in the milk and urine. 

milk while the cows were on the basal ration. As shown, the HoMein ran 
consistently lower than the Jersey on a milliliter basis; however, on total 
daily milk production, the Holstein cow had a much greater output than the 
Jersey. This agrees with similar work with riboflavin by Theophilus and 
Stamberg (17). 

In comparing the vitamin content in milk of the two species, the follow¬ 
ing observations were made on a unit basis and by using averages of the two^ 
breeds of each species. For thiamin the goats were found to have 29 /xg. per 
100 ml. compared to 36 /xg. per 100 ml. for the cows. This figure is contra¬ 
dictory to a report by Gamble et al. (2), in which they state that Toggen- 
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burg and Sganen milk contained 11.U. of thiamin in 3 to 4 ml. as compared 
to 1 I.U. of thiamin in 5 to 7 ml. of Holstein and Jersey milk. This is in 
agreement with work by Williams et al. (19). Riboflavin content in the goat 
milk was 157 fig. per 100 ml. as compared to 138 /ig. per 100 ml. for the cows, 
which is in agreement with work by Gamble et al, (2) based on rat feeding 
assays. The values for the goats are slightly higher than the value given 
by Williams et al. (19), which was 110 /ig. per 100 ml. The nicotinic acid 
content for goat milk was found to be almost three times as high as for cow’s 
milk, the values being 267 /ig. per 100 ml. for goats and 93 for cows. Pear¬ 
son and Darnell (12) reported the average nicotinic acid content for cow’s 



Fig. 4. The effect of the daily ingestion of 2 g. of pantothenic acid by goats on the 
levels of pantothenic acid in tlie milk and urine. 

milk as 91 fg. per 100 ml., and Williams et ah (19) reported goat’s milk as 
having 250 fig. per 100 ml. This work agrees with those reports and cer¬ 
tainly indicates a very distinct species difference in levels of nicotinic acid 
in the milk. The pantothenic acid content waS found to be 322 fig. per 100 
ml. in goat’s milk compared to 306 fig. per 100 ml. in the cow’s milk. This 
work indicates no species difference in pantothenic acid content of milk and 
agrees with work of Pearson and Darnell (12) in which they report 367 /ig. 
per 100 ml. in cow’s milk. Williams et al. (19) report the value for goat’s 
milk as 240 fg. per 100 ml., which is only slightly lower than values reported 
in the present study. 

Assays were made on the blood for riboflavin, nicotinic acid, and panto¬ 
thenic acid by the microbiological procedures. Blood samples were collected 
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from the goats before, during, and after the feeding of the vitamins at the 
2-g. level. The blood values for riboflavin ranged from 21 to 36 ftg. per 100 
ml. There was no. consistent difference in the riboflavin content of the blood 
of the goats during the period they were on the basal ration and the period 
they were receiving riboflavin. The ingestion of the nicotinic acid increased 
the level on the basal ration from 560 to 624 /ig. to a maximum of 948 and 
1,034 /ng. per 100 ml. of blood for the respective goats. The pantothenic acid 
values on the basal ration were 78 and 65 /ig. per 100 ml. of blood. During 
the period of pantothenic acid feeding, the maximum values for pantothenic 
acid were 140 and 184 /ig. per 100 ml. of blood. 

SUMMARY 

1. Synthetic thiamin, riboflavin, nicotinic acid, and pantothenic acid fed 
at a 2-g. level daily to dairy cows resulted in no significant increase in the 
levels in the milk. 

2. There appeared to be a distinct breed difference in the cows in amount 
of these B vitamins in the milk on a unit basis, the Jersey being higher than 
the Holstein in micrograms per milliliter, while the Holstein was higher in 
total amount secreted daily, based on total milk production. 

3. In the case of the goats a significant increase of each of the vitamins 
occurred after they had been fed at the 2-g. level; partial destruction w T as 
indicated, since the per cent recovered in the milk and urine was 10 per cent 
or less of the amount ingested. 

Acknowledgment is made to Merck & Co. for the synthetic vitamins used 
in these investigations. 


REFERENCES 

(1) Bechdel, S. I., Honeywell, II. E., Ditcher, R. A., and Knutsen, M. H. Synthe¬ 

sis of Vitamin B in the Rumen of the Cow. Jour. Biol. Chcm., 80: 231-238. 
3928. 

(2) Gamble, J. A., Ellis, N. R., and Beasley, A. K. Composition and Properties of 

Goat’s Milk as Compared with Cow’s Milk. IT. 8 . Dept. Agr. Tech, Bui. 671, 
1939. 

(3) Hodson, A. Z. A Simple Fluorometric Method for Thiamin in Milk. *Food Res., 

10: 351-356. 1945. 

(4) Holmes, A. D., Jones, C. P., and Wertz, A. W. Ascorbic Acid, Riboflavin and 

Thiamin Content of Cow’s Milk. Amer. Jour. Dis. Children, 67: 376-381. 3944. 

(5) Holmes, A. D., Jones, C. P m Wertz, A. W,, Esselen, K., and McKey, B. V. The 

Ratio of Ascorbic Acid, Nicotinic and Pantothenic Acids, Riboflavin and Thiamin 
in Late Summer Milk. Jour. Dairy Sci., 27: 849-855. 1944. 

(6) Isbell, H. The Use of Charcoal Treated Peptone in Microbiological Assays. 

Science, 102: 671-672. 1945. 

(7) Knight, c. A., Dutcher, R. A., Guerrant, N. B., and Bechdel, 8 , 1. Destruction 

of Ascorbic Acid in the Rumen of the Dairy Cow. Soc. Expt. Biol, and Med. 
Proc., 44: 90-93. 1940. 



FEEDING VITAMINS OF THE B COMPLEX 


875 


(8 ) Keehl, W. A., Strong, F. M., and Elvehjem, C. A. Determination of Nicotinic 

Acid. Modification in the Microbiological Method. Indus, and Engin. Chem., 
Analyt. Ed., 15: 471-475. 1943. 

(9) McElroy, L. W., and Goss, H. Report on Four Members of the Vitamin B Com¬ 

plex Synthesized in the Rumen of the Sheep. Jour. Biol. Chem., 130: 437-438. 
1939. 

(10) McElroy, L. W., and Goss, H. A Quantitative Study of the Vitamins in the 

Rumen Content of Sheep and Cows Fed Vita min-low Diets. Jour. Nutr., 21: 
163-173. 1941. 

(11) Neal, A. L., and Strong, F. M. Microbiological Determination of Pantothenic 

Acid. Indus, and Engin. Chem., Analyt. Ed., 15: 654-657. 1943. 

(12) Pearson, P. B., and Darnell, A. L. The Thiamin, Riboflavin, Nicotinic Acid and 

Pantothenic Acid Content of the Colostrum and Milk of the Cow and Ewe. Jour. 
Nutr., 31: 51-57. 1946. 

(13) Pearson, P. B., and Schweiukrt, B. S. The Effect of the Ingestion of High 

Levels of Riboflavin on the Amount in the Milk and Urine. Jour. Nutr. (in 
press). 

(14) Snell, E. E., and Strong, F. M. A Microbiological Assay for Riboflavin. Indus. 

and Engin. Chem., Analyt. Ed., 11: 346-350. 1939. 

(15) Stamherg, O. E., and Theopiiilus, D. R. Photolysis of Riboflavin in Milk. Jour. 

Dairy Sci., 28: 267-275. 1945. 

(16; Strong, F. M., Feeney, K. E., and Earle, Ann. Microbiological Assay for Panto¬ 
thenic Acid. Indus, and Engin. Chem., Analyt. Ed., 13: 566-570. 1941. 

(17) Thkophilus, D. R., and Stambero, 0. E. Tim Influence of Breed, Feed, and Proc¬ 

essing on Riboflavin Content in Milk. Jour. Dairy Sci., 28: 259-268. 1945. 

(18) Wegner, M. T., Booth, A. N., Elvehjf.m, 0. A., and Hart, E. B. Rumen Synthesis 

of the B Complex. Soc. Expt. Biol, and Med. Proc., 45: 769-771. 1940. 

(19) Williams, R. J., Cheldelin, V. II., and Mitchell, H. K. B Vitamin Content of 

Milk from Animals of Different Species. Univ. of Texas, Pub. No. 4237: 97- 
104. 1942. 

(20) Winegar, A. H., Pearson, P. B., and Schmidt, H. The Synthesis of Nicotinic 

Acid in the Body of Sheep. Science, 91: 508-509. 1940. 




STUDIES ON MILK PROTEINS. I. CONDITIONING OP MILK 
PROTEINS WITH PANCREATIC ENZYMES 

II. L. KEITi and Z. P. ROUNDY 
Research Laboratory, Armour and Company, Chicago, Illinois 

When milk is treated with minute amounts of active pancreatic enzymes 
and pasteurized immediately, its proteins undergo modifications. This 
change is evidenced by the fact that hard, strong clots no longer can be 
formed through the use of acids or coagulating enzymes such as pepsin or 
rennin. Conquest et al. (1) have described this action in connection with 
milk of reduced curd tension. Casein primarily is affected according to the 
work of Turner (3), who has obtained a greater solubility in 70 per cent 
ethyl alcohol in this protein separated from pancreatic enzyme-treated milk 
than that found in a normal control. 

The laboratories of Armour and Company have been interested in study¬ 
ing caseins precipitated from acidified, pancreatic enzyme-treated milks and 
have noted a change somewhat different from the above. These caseins 
appear to be affected by heat in a manner opposite to the untreated control. 
For example, temperatures in excess of 150° F. will cause the enzyme-treated 
casein to melt and flow, whereas untreated caseins become stringy, then hard, 
and finally glassy. Previous investigations reported by Conquest et al. (1), 
Doan and Flora (2), and Turner (3) have disclosed small chemical differ¬ 
ences between pancreatic enzyme-treated milk and the untreated milk. Since 
these chemical changes seem diminutive when compared to the physical ones 
noted in the following experiments, other factors may be involved. In this 
connection one could predict molecular dissociation wherein a limited num¬ 
ber of chemical bonds are ruptured. For purposes of studying this phase, 
the principles of osmosis have been utilized. Such technique, properly con¬ 
trolled, should reveal whether appreciable molecular dissociation or cleavage 
had transpired. 

EXPERIMENTAL PROCEDURE 

A cellophane tube listed as Sargent S-25275, 28 mm., was used. Sacs 
were formed from it by cutting 8-inch lengths and tying one end with a 
string. One-hole rubber stoppers were held in the tops of the cellophane 
sacs by glass bands cut from large tubes and slipped up over the sacs to 
give strong joints. Calibrated glass tubing of 7 mm. size was inserted in 
the stoppers for containing the liquid increase and for providing a means 
for its measurement. 

The milk to be tested first was warmed to 25° C., and 70-ml. portions 
were measured into the cellophane sacs. The sacs were immersed at equal 
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depths in running distilled water at 25° C. Headings of liquid column 
heights were made hourly. Determinations always were run parallel in 
order better to eliminate discrepancies due to variations in barometric pres¬ 
sure. Experimental portions were removed from a large lot of raw milk 
so that uniformity might prevail. A commercial preparation of pancreatic 
enzymes used for producing soft curd milk, and sold under the trade name 



Fig. 1 . Osmotic rates obtained on experimental milks at 25° C. 1. “Enzylac” 
enzyme added to the cold milk and then pasteurized. 2. Inactivated Enzylac enzyme 
added to the cold milk and then pasteurized. 3. Enzylac enzyme added to the cold milk, 
then pasteurized, when Enzylac enzyme again was added. 4. Milk first pasteurized and 
then Enzylac enzyme added. 5. Inactivated Enzylac enzyme added. 6. Enzylac enzyme 
added to milk; no subsequent treatment. 

of “Enzylac,” was the enzyme source. Whenever used, it was added at the 
recommended rate of 1:10,000 or 0.01 per cent to the cold, raw milk. Pas¬ 
teurization was started immediately and a temperature of 145° F. was main¬ 
tained for 30 minutes according to standard procedure. 

All digestive enzymes of animal origin are inactivated by heating in 
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the range of pasteurization, so this step terminated further action of the 
Enzylac on milk proteins. Experimental milks employed in this study were 
made from one lot of raw milk. 

The curves (fig. 1) represent typical osmotic rises, obtained on these 
milks, plotted against time, thereby showing osmotic rate. 

RESULTS 

Curve 1 shows Enzylac-treated milk with a curd tension of 25 to give 
the same rate of osmosis as milk which was pasteurized and had a curd ten¬ 
sion of 60 (curve 2). Raw milk (curve 5) essentially is in a similar range 
with the other two samples. 

Curves 3, 4, and 6 demonstrate the osmotic rate observed when digestion 
by active pancreatic enzymes is in progress. Obviously the increased rate 
of these milks goes far beyond the other samples. 

From these osmotic studies it is apparent that milk treated with pan¬ 
creatic enzymes and pasteurized is comparable to either pasteurized or raw 
milk with respect to numbers of particles contained in equal volumes. Thus, 
chemical differences between enzyme-treated milk proteins and controls 
would seem to be due to small disintegrations at the molecular surface 
rather than deep cleavages. 

summary and conclusions 

Apparently the pancreatic enzyme treatment recommended for making 
a milk of low curd tension induces a weakening of the internal structure 
of casein. In this condition the molecules are rendered susceptible to dis¬ 
sociation by heat. For descriptive purposes, this unstabilizing action is 
referred to as “conditioning”. 

Physical measurements rather than chemical methods seem to have 
greater possibilities for measuring this effect. 

Work on both physical and chemical methods for determining degree of 
“conditioning” or change in molecular structure is being continued. 
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STUDIES ON MILK PROTEINS. II. COLORIMETRIC DETERMI¬ 
NATION OF THE PARTIAL HYDROLYSIS OF THE 
PROTEINS IN MILK 

M. E. HULL 

Research Laboratory, Armour and Company, Chicago, Illinois 

The need to detect and measure smaller degrees of protein hydrolysis 
than can be detected by available methods occurs frequently enough in the 
laboratory to warrant research on methods. 

One problem under study involves the treatment of liquid milk with 
small amounts of pancreatin for the reduction of curd tension. The degree 
of breakdown of the protein structure cannot be determined by conventional 
methods, such as the Sorensen formol titration. Turner (4) reported a 
greater alcohol-soluble fraction from trypsin-treated milk. However, this 
method does not give results uniform enough to be translated into the degree 
of protein hydrolysis. Some methods require special equipment and tech¬ 
niques, whereas others use purified substrates that make them less adaptable 
to a complex mixture containing protein such as milk. 

The method of Anson (1), using a denatured hemoglobin solution as a 
substrate to measure proteolytic activity of enzymes, was found to be the 
most adaptable for measuring the hydrolysis of milk protein. The enzymes 
liberate enough of the amino acids tyrosine and tryptophane from the hemo¬ 
globin so that when the phenol reagent of Folin and Cioealteau (2) is added 
to a sample of the protein-free filtrate, a blue color is formed which can be 
measured colorimetrically. 

EXPERIMENTAL PROCEDURES 

1. Phenol reagent. To the reagent prepared according to Folin and 
Cioealteau (2), two volumes of water are added. This is the same reagent 
that Kay and Graham use in their phosphatase test (3). 

2. Trichloroacetic acid. A 0.72 N solution is prepared from reagent 
grade trichloroacetic acid. 

3. Sodium, carbonate-sodium tetraphosphatc solution. Seventy-five 
grams of anhydrous sodium carbonate and 10 g. of sodium tetraphosphate 
(Quadrafos) are dissolved in water and diluted to 500 ml. 

4. Tyrosine standard solution. Eastman tyrosine recrystallized and 
dried is used. A nitrogen determination should be run to determine the 
purity of the product. One hundred milligrams of the tyrosine are dis¬ 
solved in water and enough formaldehyde is added to prevent bacterial 
growth; the solution then is diluted to 500 ml. 

Methods. When milk is substituted for the denatured hemoglobin solu- 
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tion, several changes have to be made in the reagents. The method of Anson 
(1) calls for a 0.3 N trichloroacetic acid solution to precipitate the protein, 
hemoglobin. The concentration must be increased to 0.72 N in order to 
remove the milk proteins. 

In preparing the protein-free filtrate for addition of the phenol reagent, 
it is advisable to use a 15 per cent sodium carbonate solution containing 
enough polyphosphate to prevent the precipitation of the calcium salts of 
milk during the addition of the carbonate. 

Since milk and enzyme preparations normally contain some color produc¬ 
ing products, as shown by this test, blanks must be run on them in order to 
correct for this color formation. 

A 5-ml. quantity of milk is pipetted into a clean dry test tube; 1 ml. of 
distilled water is added, followed by 10 ml. of 0.72 N trichloroacetic acid 
while agitating the test tube to mix the milk. The tube then is stoppered, 
shaken vigorously, and allowed to stand for 10 minutes before filtering the 
contents through an S&S no. 595 filter paper. Five milliliters of filtrate are 
added to a 50-ml. Erlenmeyer flask and 10 ml. of the sodium carbonate re¬ 
agent added and mixed thoroughly before 3 ml. of phenol reagent are added. 
The sample is shaken continuously while adding the phenol reagent. About 

5 minutes are allowed for the blue color to reach a maximum before any read¬ 
ings are made. 

The blue color is measured in a Coleman spectrophotometer, using 650 m/» 
wave-length light. The color also can be measured satisfactorily by using a 
photometer with appropriate glass filters that transmit light in the 650 m/* 
wave-length range. A previously prepared standard tyrosine curve showing 
the per cent light transmission for various tyrosine concentrations then is 
used to convert the sample reading into its tyrosine equivalent. 

Milk protein hydrolysis is demonstrated very readily by the addition of 
various amounts of pancreatic enzymes to the milk and allowing the enzyme 
to react for short periods. Five milliliters of milk are pipetted into the test 
tubes and the required amount of water added to make up the difference be¬ 
tween the volume of the enzyme solution added and 1 ml. After bringing 
these test-tube samples to the desired temperature in a water bath, the re¬ 
quired amount of enzyme solution is added. At the end of a 10-minute 
period the enzyme action is stopped by adding .10 ml. of trichloroacetic acid. 
A blank on the enzyme solution is prepared by adding the required amount 
of this solution to the substrate after the trichloroacetic acid has been added 
to the milk. 

The standard tyrosine curve was prepared by adding various amounts 
of tyrosine to a series of test tubes, and making up to a total volume of 

6 ml., followed by the trichloroacetic acid. The remainder of the procedure 
was the same as that used for a milk sample except that filtering was not 
necessary. 



PARTIAL HYDROLYSIS OP MILK PROTEINS 


883 


The concentration of tyrosine in the final 5-ml. aliquot used for pro¬ 
ducing the color may be up to 0.15 mg. without producing too much color 
to be measured accurately. By plotting the per cent light transmission 
against the tyrosine concentration (in the final 5-ml. aliquot) on semi-log 
graph paper, a straight line was produced. 

RESULTS 

The results obtained for producing the standard tyrosine curve are given 
in figure 1. 

Some typical results of the action of a sample of Armour's Pancreatin 
U.S.P. upon milk are given in figure 2. 



.02 .04 .06 .08 .10 .12 .14 .16 .18 .20.22 .24.26.2-8 
Tyrosine (mqs) in 5ml Aliquot 

FlO. 1. Spectrophotometer measurement of color produced from tyrosine and phenol 


reagent at 690 mp. 
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In calculating the results of this test, the tyrosine content is based upon 
its concentration in the final 5-ml. volume used for the production of the 
blue color. In making a determination, a sample of milk is treated as de¬ 
scribed, and the percentage of light transmitted is found. Locating this 
figure on the curve in figure 1 will give the tyrosine equivalent in milligrams 
in a 5-ml. aliquot sample. 



Pancreatm (mqs) 

Fig. 2. Milk protein hydrolysis with pancreatic enzyme in 10 minutes. 

CONCLUSION 

A rapid colorimetric method can be used to measure minute amounts of 
milk protein hydrolysis. It is a very sensitive and a practical method for 
showing protein hydrolysis. 
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STUDIES ON MILK PROTEINS. III. THE MODIFICATION OF 
MILK BY PANCREATIC ENZYMES 

A. B. STORES 

Research Laboratory, Armour and Company, Chicago, Illinois 

The modification of milk by the use of panereatie enzymes to give im¬ 
proved digestibility characteristics first was described by Conquest et al. (6) 
in 1938. Since that time, reports of clinical investigations (1, 2, 3, 4, 11), 
as well as results by various in vitro techniques (7, 10, 13, 14), have estab¬ 
lished the enzyme treatment as a suitable means of milk modification. 

The active enzyme employed in the process is proteolytic and, if allowed 
to react for a sufficient period, will bring about pronounced-protein hydroly¬ 
sis. However, in the usual process, the enzymes are inactivated by heat 
after a relatively short time and the desired degree of modification is attained 
without altering the appearance or flavor of the milk or causing any sub¬ 
stantial protein hydrolysis. The techniques common to protein study, such 
as the Kjeldahl analysis for total protein (6, 14), the determination of free 
amino acids by the Van Slyke method (13) or the formal titration (6), as 
well as studies of osmotic pressure (9) and conductivity (15), have shown 
no conclusive changes which would be associated with protein hydrolysis. 
Turner (13) did report, however, that the enzyme treatment caused an in¬ 
crease in the amount of protein soluble in 70 per cent alcohol. The lack of 
sufficiently precise techniques for studying protein degradation, as well as 
the fact that too little is known of the initial phases of enzyme activity, has 
made it difficult to offer a satisfactory explanation for the results obtained 
by enzymatic treatment. 

A modified test for tyrosine, devised by Hull (8), has proved to be ex¬ 
tremely sensitive for determining the breakdown of milk proteins. It seemed 
probable that this method could be applied to advantage in studying the 
enzyme treatment of milk and that it might make possible a more definite 
explanation of what had occurred. In the present experiment Hull’s method 
was used as a means of determining protein degradation, w r ith measurements 
of curd tension and protein stability included as criteria of the degree of 
treatment with pancreatic enzymes. 

experimental 

Samples of enzyme-treated milk were prepared in the laboratory by 
adding appropriate amounts of a freshly prepared aqueous suspension of 
Enzylac Powder 1 to cold raw milk, heating the milk to 142° F. in 10 to 15 
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minutes, holding at 142-145° F. for 30 minutes, and cooling in cold running 
water. Enzyme concentrations of 20, 40, 60, 80, and 100 p.p.m. were used 
in each series of samples; raw and pasteurized controls also were included. 

Curd tension tests were performed in accordance with the method recom¬ 
mended by the American Dairy Science Association Committee on Curd 
Tension (5), using an American Curdometer. 

The technique used for determining protein stability was that reported 
previously by the author (12), comprising briefly the addition of small incre¬ 
ments of N/10 hydrochloric acid to 10-ml. portions of the sample in a series 
of test tubes, heating the tubes to boiling in a water bath, and then examining 
to determine the smallest amount of acid required to cause coagulation. The 
“Stability number” reported is equivalent to 100 times the ml. of N/10 acid 
used to produce coagulation. 

Tyrosine tests were carried out as described by Hull (8). Color devel¬ 
opment was measured photoelectrically, using a Lumetron Model 402EF 
colorimeter with Corning Glass Filters no. 3962 and 2403 in the pri¬ 
mary position. This filter combination has maximum transmission at a wave 
length of approximately 700 mp, which is satisfactory for the purpose. 
Values for tyrosine were interpreted from a standard curve prepared from 
known tyrosine dilutions, using the same procedure as employed in the regu¬ 
lar test. Amounts of tyrosine are expressed as “Tyrosine units”, a unit 
being 1 mg. of tyrosine per liter of sample or its equivalent. The possibility 
of some other amino acids reacting in the test was considered, and a brief 
investigation indicated that the method was sensitive to tyrosine and trypto¬ 
phane but not to cystine or phenylalanine. Considering tyrosine recovery 
in the test to be 100 per cent, tryptophane recovery was found to be approxi¬ 
mately 88 per cent. Bearing in mind the relative amounts of these two 
amino acids in milk protein, it is believed that about 80 per cent of the blue 
color development in the test is due to tyrosine while 20 per cent is due to 
tryptophane. These figures are based upon empirical values and are cited 
in explanation of the use of tyrosine units as a means of expressing results. 

RESULTS 

Five series of samples were prepared. The average results of chrd ten¬ 
sion, protein stability, and tyrosine determinations are shown in table 1. 

Statistical analysis revealed that, while both relationships were signifi¬ 
cant, tyrosine values were related more closely to protein stability than to 
curd tension. The following regression equations were obtained, with the 
correlation coefficients (r) as shown: 

Y * 36.3 - 0.25# r = - 0.936 

. r'« 127 -1.25s r = - 0.963 

in which Y - curd tension 

Y' - protein stability number 
x * tyrosine units 
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TABLE 1 

Effect of added enzyme upon curd tension , protein stability, and 
tyrosine content of milk 
(Average results—five series of samples) 


Treatment 

Curd tension 

Protein 
stability no. 

Tyrosine units 

Raw milk. 

28.0 

76 

35.4 

Pasteurized milk 

27.0 

82 

36.2 

Enzyme—20 p.p.m. 

24.6 

68 

47.2 

Enzyme—40 p.p.m. 

22.4 

56 

57.2 

Enzyme—60 p.p.m. 

19.2 

46 

1 65.6 

Enzyme—80 p.p.m. 

18.2 

36 

, 73.4 

Enzyme—100 p.p.m. 

16.4 

| 24 

| 80.6 


Av. time of heating to pasteurizing temperature was 13 minutes. 


DISCUSSION 

In view of the natural low curd tension of the raw milk which was avail¬ 
able for experimentation, a feature not uncommon in the Chicago area, it 
would be unwise to attribute too much significance to curd tension relation¬ 
ships which were developed. The author feels that wider discrepancies 
might be found if milks of greater curd tension were examined, although 
the samples which were prepared were comparable with milks generally 
encountered in this market area. The value of curd tension as an index 
of the degree of enzymatic modification is lessened considerably in milk of 
this type, since the upper limit of 30 g. generally accepted in the industry 
for soft curd milk has little relationship to the treatment under such cir¬ 
cumstances. Therefore, as an arbitrary index, it was felt that milk which 
had been processed in such a manner as to reduce the curd tension at least 
a third, or to about 20 g., could be considered as having been treated satis¬ 
factorily. 

The effect of the enzyme action on the protein stability, on the other 
hand, offered a much more reliable index of treatment. Unpublished data 
by the author, including several years of practical experience with the com¬ 
mercial preparation of enzyme milk, have shown that satisfactory enzyme 
modification yields milk with a protein stability number in the range from 
about 20 to 45. Up to this time, the stability test has been the simplest 
and most convenient means of assaying treatment, although no claim has 
been made for it as an index of digestibility and it has served chiefly as a 
method of process control. 

On the basis just described for deciding what constitutes satisfactory 
enzyme treatment, the data show that a curd tension of 20 g. corresponds 
to a tyrosine value of 65 units, whereas a protein stability number of 45 is 
equivalent to 65.6 tyrosine units. The correlation between the amount of 
tyrosine and these properties which have been used in the past as indices 
of enzymatic treatment suggests that the tyrosine value also might serve as 
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a measure of the degree of modification. In fact, the tyrosine valufe might 
well be a superior means of measurement, since it must be the direct result 
of protein degradation and, hence, a true measure of protein modification 
rather than an indirect or arbitrary index. Therefore, a tentative limit of 
at least 65 tyrosine units might be considered as a suitable minimum level 
for proper enzyme modification. 

The average tyrosine value found in untreated milk, both raw and pas¬ 
teurized, was approximately 36 units. Although large numbers of deter¬ 
minations have not been made, it has been unusual to find normal untreated 
milk with fewer than 30 tyrosine units or more than 42. In any case, satis¬ 
factory treatment of milk by the enzyme process has resulted invariably in 
the production of at least 30 additional units of free tyrosine in the sample. 
This, then, affords a basis for an estimate of the amount of enzymatic protein 
hydrolysis. By calculation from empirical values, the liberation of 30 addi¬ 
tional tyrosine units represents about 1 per cent of the theoretically possible 
total of all tyrosine and tryptophane in the milk which might be freed in a 
complete hydrolysis. Therefore, it is not surprising that less sensitive 
methods of analysis have failed to show any significant changes as a result 
of mild enzyme activity. 

The work of Keil and Roundy (9) and others (6, 13, 14, 15) would indi¬ 
cate that mild enzymatic action brings about no gross changes in the milk 
protein, from which it may be concluded that the protein molecule has not 
been altered materially. However, there is no doubt that this relatively 
mild treatment does affect other properties of the milk, such as curd charac¬ 
teristics, which generally are not considered as appropriate measures of 
hydrolysis, if related at all. The zone within which enzymatic modification 
is accomplished falls within the very earliest stages of protein breakdown. 

The results of this investigation indicate that a significant increase in 
tyrosine, if not other amino acids as well, can be shown by a suitably sensi¬ 
tive technique. This may seem incompatible with prior results if it is 
believed that hydrolysis proceeds more or less simultaneously throughout 
the protein mass. However, the general concept is that proteolytic enzyme 
activity is a surface phenomenon, with the action not penetrating deeply 
into the molecule. Since the protein molecule is large and complex, the 
proportion of it engaged in a surface reaction at any one time would be 
small; it is quite likely that pronounced hydrolysis of the surface layer 
could occur without bringing about changes great enough to be detected 
upon subjecting the entire mass to analysis. Under this assumption the 
remaining portion of the molecule still would be in essentially its original 
condition, considering the composition of the mass, although the surface 
characteristics probably would h&ve been altered. These surface changes 
would be expected to involve the degree of hydration as well as the electrical 
charge of the particles, properties which are of primary importance with 
respect to the stability and coagulating characteristics of the protein. 
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The theory is advanced that the effects of enzymatic modification of milk 
are due principally to the action of the enzymes upon the surface of the pro¬ 
tein. This can account for the lack of gross changes in the protein as well 
as the evidences of slight hydrolysis. Furthermore, through changes in sur¬ 
face effects, the modifications in curd characteristics which have been ob¬ 
served can be explained. 


SUMMARY AND CONCLUSIONS 

A sensitive test for tyrosine has been applied to a study of milk modified 
by the enzyme process, with results indicating that the free tyrosine content 
of the milk increases with the degree of enzymatic treatment. The relation¬ 
ship seems to be sufficiently satisfactory for the tyrosine test to be given con¬ 
sideration as a new measure of enzymatic modification of milk and a tenta¬ 
tive level of 65 tyrosine units is suggested as a suitable minimum limit. 

Relationships of the free tyrosine content of milk to the curd tension 
and the protein stability were determined statistically and found to be signi¬ 
ficant. The degree of correlation was highest for the tyrosine-stability 
relationship. 

According to the amount of tyrosine found in properly treated samples, 
it is estimated that normal enzyme modification of milk accounts for hydrol¬ 
ysis amounting to approximately 1 per cent of the theoretically possible total. 

A theory is offered suggesting that changes brought about on the surface 
of the protein molecules by the action of proteolytic enzymes are responsible 
for the modified characteristics of enzyme-treated milk. 
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The importance of microorganisms in ruminant digestion generally is 
accepted, but little is known about the physiological activities of the pre¬ 
dominating flora. This fact is emphasized in Hastings’ recent review (3). 
Some studies have been carried out to determine the role played by rumen 
bacteria in urea utilization (7, 9, 13, 15), and in cellulose digestion (5, 8, 
10, 14). 

Studies were initiated in 1945 to develop techniques for the culturing 
of the predominating bacteria in order that their physiological activities 
could be investigated. The successful procedures include: (a) a direct slide 
counting technique using an indirect stain, to serve as a guide for the suc¬ 
cess or failure of the cultural work; (b) a method for obtaining a sample 
suitable for culture from a fistulated animal; (c) an anaerobic procedure 
for growing the bacteria in the numbers indicated by the direct count; (d) 
methods for studying urea utilization; and (e) methods for cellulose break¬ 
down. 

EXPERIMENTAL RESULTS 

Technique for slide counts . The direct counting technique found most 
successful involved the use of nigrosine, which colored the background but 
left the bacteria unstained. Rumen contents were diluted with 1 per cent 
glucose solution to 1:1,000 or 1:10,000, depending upon the expected bac¬ 
terial content of the sample, and shaken for 5 minutes at a speed of 240 
oscillations per minute. The vigorous shaking was very essential in order 
to free the bacteria from the food particles and break up clumps of bacteria. 
After shaking, 0.01 ml. of the sample was transferred by a standard loop 
to a thoroughly cleaned slide upon which an area of 2x2 cm. had been 
marked off. A similar loopful of one-lialf saturated methyl alcohol solution 
of nigrosine was mixed thoroughly with the sample, and spread evenly over 
the 4 cm. 2 area. The slide was placed on a very hot electric plate so that 
drying occurred within 2-3 seconds. The slide now was ready to count, 
the bacteria appearing white against a black background. 

Counts were made from several fields on three to five different slides, 
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so that at least 400 cells were enumerated; the calculations were made 
according to Knaysi and Ford (6): 

This technique was not intended to be extremely accurate but was em¬ 
ployed in this study as a guide for the success or failure of the cultural 
results. The method used has the advantage of being rapid, and the count¬ 
ing is easy. It gives a permanent record of the organisms in the sample 
and overcomes difficulties encountered by other workers (7, 12). However, 
it has weaknesses. For example, both living and dead bacteria are counted, 
as they appear the same under the microscope. An attempt to overcome 
this difficulty by using a “vital” stain, following the procedure of Knaysi 
and Ford (6), did not appear satisfactory, as the bacteria died rapidly when 
exposed to air and some aeration could not be avoided in this technique. 

Obtaining samples for cultural studies . The ideal subject for cultural 
work was found to be an animal with a fistula, since rumen contents could 
be obtained without undue exposure to air. Liquid samples from the rumen 
were taken by inserting a pipette into the bottom of the rumen, drawing up 
some of the liquid, and transferring it immediately into a stoppered flask 
nearly full of sterile 1 per cent glucose solution. The receiving flask was 
prepared by first autoclaving the glucose solution in a large flask and then 
transferring the solution to a sterile 1-1. flask which was filled nearly to 
capacity with 1,000 ml. of the glucose solution. After steaming for 1 hour, 
the flask was tightly stoppered and cooled rapidly in cold water. The 
cooled flask was taken to the experimental animal. The stopper was re¬ 
moved only long enough to receive the sample. 

Solid samples of rumen contents were removed with a long-handled 
metal cup on which a tight-fitting rubber stopper was placed immediately 
after filling. One gram of this material was quickly weighed into a tared, 
sterile petri dish and transferred rapidly into a liter flask containing glu¬ 
cose solution. 

Liquid samples taken by stomach tube and catheter from non-fistulated 
animals were studied by a similar procedure. 

Procedure for culturing predominating flora. Success in culturing 
depended upon the continued maintenance of anaerobic conditions from 
the time of taking the sample until growth had occurred. From the rumen 
samples obtained, dilutions were made to 10" 12 . Inoculations were made by 
pipetting the diluted sample into broth which previously had been placed 
for 30 minutes in a boiling water bath and then cooled rapidly to 45° C., 
immediately preceding inoculation. The tubes were sealed with vaspar 
directly after inoculation to maintain anaerobic conditions. Usually only 
the dilutions of 10' 9 to 10~ 12 were inoculated, but occasionally 10-® was in¬ 
cluded and 10” 12 omitted. Speed is very essential in the whole procedure. 

Several types of media were used in these experiments. Two media gave 
gpod results. A regular broth or agar had the following composition: 1 per 
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cent each of tryptone, peptone, beef extract, glucose, and.yeast extract; 
2 per cent fresh skimmed milk (added separately after removing medium 
from boiling water bath); and 0.5 per cent dipotassium phosphate. If agar 
were included, 1.5 per cent was used. The pH was 6.0. 

A meat infusion broth plus sugar, a modification of the broth of Smith 
and Sherman (11), contained the following nutrients per liter: 1 g. glucose, 
10 g. tryptose, 500 ml. meat infusion, 25 ml. tomato juice, and 5 g. dipotas¬ 
sium phosphate. The pH was 6.5-6.6. Both media usually had cellulose 
added in the form of acid-treated cotton, prepared as suggested by Hun- 
gate (4). 

In almost every case in the high dilutions, the smear showed only one 
morphological type of organism. To obtain pure cultures for testing the 
physiological characteristics, an agar shake was made from the broth, and 
isolated colonies were picked. 

Incubation of the cultures was at 38° C. and daily observations were 
made. Growth manifested itself, either by a general turbidity throughout 
the tube or by a change in the appearance of added cellulose, which was 
characterized by clumping or a tendency of the cellulose to cling together 
in strings. In either case a smear showing organisms confirmed the presence 
of growth. Ordinarily growth would appear in dilution 10 ® in 48 hours, 
but in two or three cases it was necessary to wait 60 days for growth to 
appear in the higher dilutions. Subcultures in agar shakes showed that 
the organisms isolated from the top dilutions were anaerobic, since no growth 
took place nearer than 0.25 to 0.50 inch below the surface. 

Although the predominating cultures isolated usually compared with 
the morphology of the predominating organisms as seen on the original 
slides from the rumen contents, in some instances cocci which seldom were 
isolated were present in large numbers. This would indicate that the cul¬ 
tural technique should be improved, probably in respect to maintenance 
of anaerobic conditions, because the cocci apparently would survive less 
aeration than some of the rods. 

Table 1 summarizes the data showing the average bacterial slide counts 
and the highest dilution in which growth was observed from samples ob¬ 
tained by various methods from animals on a normal diet. The slide count 
figures reveal no essential differences between sheep and cattle in the bac¬ 
terial population of their rumen contents. The solid samples from the fistu- 
lated animals of both species showed about the same average number of 
bacteria per gram, and the samples obtained from slaughtered sheep by 
forcibly squeezing the liquid out of the solid were similar to the figures 
for solid samples. Probably these latter samples more nearly represented 
a solid sample than a liquid one, due to detachment of bacteria which nor¬ 
mally would adhere to the solid material. In both species the number of 
bacteria was somewhat lower in the liquid than in the solid samples. 
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Athough the individual counts of the liquid and solid samples show con¬ 
siderable overlapping when both types of samples were obtained from the 
same animal at the same time, the bacterial count of the solid always was 
higher than that of the liquid sample except in one case, where they were 
equal. This would indicate that the liquid really did have a somewhat lower 
bacterial population than the solid. 

It also can be seen from table 1 that the method of obtaining the sample 
was important. The liquid samples obtained by stomach tube gave a lower 
average slide count than the liquid samples obtained from fistulated sheep 
by pipette, which would indicate that these samples taken by stomach tube 
were not representative even of the liquid fraction of the rumen contents. 
Differences in animals and diets also may have influenced the results. 

Data also are presented (table 1) which show that there is good agree¬ 
ment between the slide and cultural “ counts ’ 9 on samples obtained from the 
fistulated bull. In 24 out of 26 cases the samples grew in the dilutions 
expected from the slide count. This would indicate that success had been 
achieved in culturing the predominating organisms. However, such good 
agreement was not obtained with the fistulated sheep since in only three 
cases out of eight did the slide and cultural results agree. These results 
were better than those obtained with samples taken from the sheep by 
stomach tube, where only 2 out of 16 samples showed growth in the dilution 
indicated by the slide count. 

As stated above, the maintenance of anaerobic conditions was essential 
for good cultural results, since most of the rumen organisms are anaerobic 
and the close agreement between the slide and cultural results obtained with 
the fistulated bull reflect the good cultural conditions available when 'work¬ 
ing with this animal. The poorer agreement between the slide and cultural 
counts with samples from the fistulated sheep probably is due to the less 
favorable conditions prevailing in sampling the sheep. The aeration at¬ 
tendant upon taking a stomach tube sample would account for the poor 
results obtained in culturing this material. Aspirated samples appear poor 
because they did not give representative samples of the rumen contents and 
they permitted aeration of the material. 

The slide and cultural counts found in this study are higher than any 
figures reported in the literature. The highest slide count reported was 
about 13 billion organisms per gram of fresh contents (7), while the average 
obtained in this study from the solid material from a fistulated animal ap¬ 
proximated 100 billion organisms per gram. The highest cultural growth 
was reported by Hungate (5), who obtained growth of cellulose-digesting 
bacteria from rumen contents diluted one billion times when cultured in 
inorganic medium. In the present study bacteria, including many cellu¬ 
lose digesters, have been grown from a 1:100 billion dilution of rumen con¬ 
tents. The figure of 100 billion bacteria per gram of fresh rumen contents 
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agrees well with the calculated figure of 100 billion bacteria as cited by 
Kohler (7). Further evidence in support of the probable accuracy of the 
counts reported here is the satisfactory agreement between the slide and 
cultural counts. 

Test for urea utilization and cellulose digestion. To test for urea utili¬ 
zation the organisms isolated from dilutions 10 10 and 10" 11 were inoculated 
into an inorganic salt broth (4), modified to contain 1 per cent glucose, 0.04 
per cent urea (in place of ammonium sulfate), 20 /ng. of each of the follow¬ 
ing vitamins—thiamine, riboflavin, pyridoxin, pantothenic acid, niacin, and 
paraaminobenzoic acid; and 0.05 /*g. of biotin. The mixture of vitamins 
was autoclaved separately and added aseptieally to each tube at the time of 
inoculation. The pH of the broth after all additions was 6.5. In order 
to produce and maintain anaerobic conditions, the tubes were treated and 
sealed as previously described. If the cultures survived three transfers in 
this broth, it was assumed that they were able to utilize urea. 

In the early part of this work, in order to determine whether urea 
actually had disappeared in those cultures in which growth had occurred, 
determinations of total nitrogen and of urea were run on several broths 
which had been inoculated with low dilutions (10 :1 and 10~ 4 ) of rumen con¬ 
tents from lambs fed 40 per cent of their protein equivalent as urea. An 
uninoculated blank tube also was tested. 

The determination of total nitrogen was carried out by the usual colori¬ 
metric procedure, digesting 1 ml. of the medium with acid digestion mixture 
and Nesslerizing. The urea was determined by the urease method on 1 ml. 
of the medium. This also was Nesslerized. All analyses were run in dupli¬ 
cate. 

Some of the cultures isolated from 10~ 10 and 10" 11 dilutions of rumen 
contents were tested for cellulose digestion by a modification of the tech¬ 
nique of Fuller and Norman (2). The cultures were inoculated into the 
meat infusion broth prepared as previously described, except that only 0.01 
per cent of glucose was included. The cultures were incubated from 2 to 4 
weeks in a desiccator which had been evacuated and filled to one-half 
capacity with carbon dioxide repeated three times. All cultures were run 
in duplicate and the results of the two tests were averaged. 

When incubation had been finished, the supernatant fluid was decanted 
through a tared Gooch crucible, filtered by suction, and the pH tested. The 
residual cotton in the test tube was treated with 10 ml. of 0.1 per cent sodium 
carbonate for 5 minutes to remove the bacterial gum which some cultures 
formed in the presence of glucose. Several washings were carried out with 
small portions of distilled water, followed by treatment with 1.0 per cent 
acetic acid and several more washings with distilled water. All the wash¬ 
ings, including the sodium carbonate and acetic acid, were poured through 
the crucible. The crucibles were then dried for 16 hours in an oven at 
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.100° C., and weighed to determine cellulose loss. Uninoculated blanks were 
carried through the entire procedure, and in all determinations the same 
lot of cellulose was used. 

Although only 20 mg. of cellulose was used per tube, the accuracy of the 
results obtained with the blank determinations (where recoveries ranged 
within 0.2-0.5 mg.) seemed to indicate that any loss over 5 per cent would 
be significant. Actually in only one case was a value as low as 7.0 per cent 
loss considered as positive. Duplicates tested on the same or on different 
days gave essentially the same results. The figures showing cellulose loss 
are too low, as the w r eight added by bacteria clinging to the cellulose fibers 
and not removed by washing actually increased the weight of the recovered 
cellulose. 

Under conditions in the rumen, the degree of cellulose decomposition 
brought about by these bacteria probably is greater than that shown by the 
in viiro tests, where no agitation of the cellulose took place. 

Some of the predominating organisms were tested for their ability to 
utilize urea and to break down cellulose. 

Seventeen cultures from dilutions 10 ,u and 10 11 of the rumen contents 
from a fistulated bull fed a normal diet were tested for cellulose digestion 
and 12 of these also were studied for their ability to utilize urea. Of these 
organisms, 15 w'erc rods of varying morphology and tw T o were cocci. All 
of the cultures tested were found to be Gram-positive, lion-motile organisms 
which produced acid, frequently giving a pH as low as 4.5 in the broth in 
which they were growing. One coccus and one rod produced slight amounts 
of gas. Ten out of 12 cultures tested utilized urea and 12 out of 17 broke 
down cellulose. The majority decomposed 10-20 per cent of the added 
cellulose, which agreed with the results obtained by Cowles and ltettger (1). 
One coccus broke down 28 per cent which was higher than any of the rods 
tested. 

Twenty-three cultures isolated from 10 10 and 10~ n dilutions of rumen 
contents'from sheep fed normal and experimental diets were tested for their 
ability to utilize urea and break down cellulose. All of them were rods and 
all of those tested for the following characteristic were Gram-positive organ¬ 
isms. Only one culture w r as motile. They produced a final pH of about 
4.5-5.0 in broth, and only tw T o cultures produced gas. Seven of 17 cultures 
tested for urea utilization were positive and only 10 out of 23 cultures 
showed breakdown of cellulose. Again the majority of cultures decomposed 
10-20 per cent of the added cellulose, while one broke down 48 per cent. 

In agreement with earlici* results of Pearson and Smith (9), the analyses 
to determine whether urea actually was utilized by the organisms showed 
that 6-21 per cent of the urea had been lost from the broth. The total nitro¬ 
gen remained the same in all of the tubes, except in two cases, where small 
amounts of gas had been produced and had escaped. 
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Because of the small series of tests conducted and differences in diets fed 
the two species, no conclusions should be drawn about any differences be¬ 
tween the species with respect to these two characteristics. 

All the samples from fistulated cattle were from one young bull. Al¬ 
though these are preliminary studies, it would seem that the techniques 
described could be used as a basis for further work in this field. 

SUMMARY 

1. New techniques for studying the microbiology of the rumen are 
described. These include a direct slide count technique, a cultural pro¬ 
cedure for isolating the predominating flora, a method for obtaining a sam¬ 
ple under anaerobic conditions, and methods for the determination of urea 
utilization and cellulose digestion by the predominating bacteria. 

2. The direct slide count technique made use of nigrosine, a negative 
stain, which reduced to a minimum inaccuracies caused by artifacts. 

3. When good cultural conditions prevailed and a fistulated animal was 
used, slide and cultural counts agreed closely. Material obtained by stomach 
tube gave consistently lower bacterial counts than samples taken directly 
from a rumen fistula. To isolate the predominating flora, the most impor¬ 
tant feature of the cultural technique was the maintenance of anaerobic con¬ 
ditions from the time of sampling until growth was obtained. A rich organic 
medium with a pH of 6.0 was used and cultures were incubated at 38° C. 

4. It was shown by these methods that bacteria are present in the rumen 
contents of both sheep and cattle in numbers of about 100 billion per gram 
of fresh material. 

5. Bacteria isolated from the highest dilutions of rumen contents from 
both sheep and cattle were tested for their ability to utilize urea and break 
down cellulose, and many of these cultures proved capable of performing 
these functions in vitro. 

6. A few of the bacteria isolated from the highest dilutions of rumen con¬ 
tents were studied and were found to be mostly Qram-positive, non-motile 
anaerobic rods. A small number of cocci were cultured. 
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MILK LIPASE SYSTEM. I. CHEMICAL ANALYSIS OP PAT, 
WASHED PAT, AND THE ALCOHOL SOLUBLE FRACTION 
OP PAT OBTAINED FROM HOMOGENIZED RAW MILK' 

I. A. GOULD 

Maryland Agricultural Experiment Station, College Park 

Considerable question yet exists as to the specific fatty acids which are 
involved in lipolysis of milk fat. Davies (2) reports that 60-70 per cent of 
the increase in the titer of milk fat which results from lipase action is due 
to oleic acid. On the basis of distillation studies, Hiseox and Harrison (5) 
and later Gould and Johnson (3) concluded that the fatty acids liberated 
by lipolysis were largely of the Avater-insoluble, volatile type. Kelly (8) 
reported milk lipase to exhibit selectivity by acting more rapidly on the 
volatile than on the non-volatile substrates. 

Only meager attention has been given to the use of chemical analysis 
of milk fat as a means of ascertaining the effects of lipase action. In a pre¬ 
vious study (4), fat from non-rancid and rancid milk was found not to 
differ appreciably in Reichert-Meissl and Polenske numbers and in the 
refractive index, even though the rancid fat exhibited a greatly higher acid 
degree. One limitation of this study, however, was that in the case of the 
rancid fat, the freed fatty acids remained with the unhydrolyzed portion to 
be included in the various determinations. Thus, the presence of the free 
acids may have prevented a true differentiation between the rancid and non- 
rancid fat by the methods used. In view of this possibility, it seemed desir¬ 
able to conduct additional studies of chemical changes in milk fat resulting 
from lipolysis. Procedures were utilized which permit the separation of 
the free fatty acids from the rancid fat before the fat characteristic deter¬ 
minations are conducted. The results of such studies constitute the basis 
for this paper. 

experimental procedure 

Mixed-herd milk from the University dairy farm was used in these 
experiments. Rancidity was produced as desired by homogenizing the raw 
milk with a low-pressure centrifugal homogenizer and then storing it for 
several hours at about 35° P. before pasteurizing. The purified fat for 
subsequent treatment and analyses was obtained from the milk by the stand¬ 
ard procedure of separation, churning, and filtration. Filtration was con¬ 
ducted by melting the butter granules and then filtering the butter oil 
through paper in an incubator maintained at 55° C. 

Fat titrations were conducted by the procedure described previously 

Deceived for publication August 20, 1947. 
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(3), and results are expressed as acid degrees (ml. of N NaOH per 100 g. 
fat). The determinations of all other fat characteristics were made in 
accordance with official methods of the A.O.A.C. (1). 

Two different procedures were used in preparing the fat or its extract 
for chemical analyses. These are designated as the washing procedure and 
the alcohol extract procedure. 

The washing procedure . This procedure was essentially the same as 
that described previously (3) as based on the work of Hiscox et al. (6), and 
consists of washing portions of a milk fat-ether mixture with successive lots 
of weak alkaline solution, removing the retained alkali by washing several 
times with water, and then drying the fat by means of a hot plate and n 
100° C. oven. Various fat characteristics were determined on the fat before 
and after the washing procedure. One difficulty of this procedure was the 
susceptibility of the mixture to the formation of an emulsion during the 
washing with the alkaline solution. 

The alcohol extraction procedure . Preliminary trials revealed that an 
extraction procedure involving hot ethanol for separating the freed fatty 
acids from the fat could be used with greater efficiency and rapidity than 
the alkali washing procedure. The following procedure was developed as 
a result of these preliminary observations. 

Sixty grams of butter oil were heated to boiling in 120 ml. of ethanol, 
the hot mixture centrifuged, and the supernatant ethanol layer largely re¬ 
moved by siphonation. The treatment with hot ethanol was repeated twice, 
and all of the lots of extractant combined. Following the last centrifuging, 
the lower fat layer was congealed by placing the container in ice water; 
then the alcohol layer was decanted. 

The alcoholic extracts from two lots of fat were combined, cooled, and 
held overnight at 32-35° F. A copious white precipitate which formed dur¬ 
ing this cold storage was removed by filtration in the cold room, and was 
washed with several portions of cold ethanol at the same temperature. The 
washings were combined with the filtrate. 

The filtered alcohol solution then was heated under a partial vacuum 
to remove the alcohol. About 30-40 minutes usually were required for 
removing the alcohol from 120 g. of fat, and the heating temperature gen¬ 
erally was under 50° C. The final alcohol extract was subjected briefly to 
hot plate heating at 100° C. to insure drying and then was held in a desic¬ 
cator under vacuum until analyzed. 

EXPERIMENTAL RESULTS 

The alkali washing procedure . The effect of washing rancid and non- 
rancid fat with the weak alkaline solution is revealed by the data in table 1, 
which shows changes in acid degree, Reichert-Meissl number, Polenske num¬ 
ber, and iodine number .(Hanus). 
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These results show that only in the case of the acid degree is there a 
distinct relationship between the extent of lipolysis and the change resulting 
from the alkaline washing. This lowering of the acid degree is to be ex¬ 
pected. However, the data do indicate a tendency for the washing proce¬ 
dure to increase the Beichert-Meissl number and decrease the iodine number, 
but the changes are slight and are no more pronounced for the rancid fats 
(lota2, 3, 4) than for the non-rancid fat (lot 1). 

On the basis of the results in table 1, the particular procedure used 
apparently is unsatisfactory as a means of determining the fat changes, 
other than acidity, which result from lipase action. Because of the failure 
of the washing procedure to yield satisfactory results, attention was diverted 
to the alcohol extract procedure. 


TABLE I 


The influence of alkaline washing of non-rancid and rancid fat on certain 
fat characteristics ( av . S trials) 


liOt no. 

Treatment of 
sample 


Fat. characteristics 


Acid 

degree 

Reichert- 

Meissl 

Polenske 

Iodine 

(Hanus) 

1 

Noii-washed 

0.4 

28.4 

1.6 

36.7 


Washed 

0.2 

28.7 

1.5 

36.4 

2 

Non-washed 

3.9 

28.7 

1.6 

i 36.8 


Washed 

1 0.5 

28.7 

1.5 

36.5 

3 

Noil-washed 

4.4 

28.3 

1.5 

36.8 


Washed 

0.7 ! 

28.6 

1.6 

! 36.4 

l 

Non-washed 

4.8 

28.3 

1.6 

: 36.2 


Washed 

;_ 

28.7 

1.7 

| 36.0 


The alcohol-extract procedure—preliminary observations . Before this 
procedure was devised completely, various preliminary experiments were 
conducted. One series of these preliminary trials pertained to the efficiency 
of alcohol in removing the free fatty acids. In this series, 60 g. of rancid 
fat were heated to boiling in 120 ml. ethanol, centrifuged, and the lower layer 
of fat congealed in ice water. The top layer, i.e., the alcohol portion, was 
decanted and titrated. The fat layer then was freed of remaining alcohol 
by heating on a hot plate, and a sample of the fat removed and titrated. 
Three additional extractions were made, with titrations of the alcohol extract 
and the remaining fat being made in each case. Results are presented in 
table 2. 

These data reveal that in the case of this highly rancid fat, three wash¬ 
ings removed more than 90 per cent of the free fatty acids as determined by 
titration of 10-g. samples, and four washings removed more than 95 per cent 
of these acids. The heat treatment of the fat in the alcohol in itself did 
not alter the titer, indicating that acidity decreases due to esterification 
are negligible, if they occur at all. 
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TABLE 2 

The effectiveness of hot ethanol extraction in removing the fru fatly 
acids from butter oil 


No. of alcohol 
extractions 

Titer of ethanol 
extract* 

Titor of 10 g. 
fat samples 

Per cent of original 
acidity in fat 

0 

(ml. N/SO NaOH) 

(ml. N/S0 NaOH) 
22.9 

100.0 

1 

81.9 

10.2 

44.f> 

2 

24.0 

4.8 

21.0 

3 

j 7.8 

2.1 

9.2 

4 

1.9 

1.0 

4.4 


# Corrected for titer of the alcohol. 


Naturally, the alcohol treatment of butter oil not only removes the major 
portion of the free fatty acids present but also all lipoid material Which is 
soluble in hot alcohol. For example, a 60-g. sample of fat having an acid 
degree of 11.4, extracted with four successive 120-ml. lots of hot alcohol, 
showed a total loss in weight of about 17 g., only a portion of which would 
represent the fr'ee fatty acids. Furthermore, observations indicate that only 
a comparatively small portion of this alcohol-soluble fraction precipitates 
from the alcohol during overnight storage at 32-35° F. and that this pre¬ 
cipitate does not retain an appreciable amount of the free fatty acids. In 
two typical trials utilizing rancid fat, the clear alcohol solution obtained 
following overnight storage and filtration required 119.8 and 116.2 ml. of 
N/10 NaOH, respectively, whereas the corresponding precipitates which 
were removed by the filtration required but 0.8 and 0.6 ml. N/10 NaOH. 

In general, the yield of lipid extract finally obtained for analysis varied 
directly with the titer of the original fat. For example, three lots of non- 
rancid fat having an average acid degree of 0.9 yielded an average of 5.8 g. 
of extract per 100 g. of fat, whereas three lots of rancid fat with an average 
acid degree of 10.0 yielded an average of 11 g. of extract per 100 g. of 
original fat. 


TABLE 3 

Certain chemical characteristics of non-rancid and rancid fat and of their 
ethanol extracts ( av . S trials) % 




Non-rancid 


Bancid 


Characteristic 

Fat 

Extract 

Difference: 
extract 
less 
fat 

Fat 

Extract 

Difference: 
extract 

less 

fat 

Acid degree . 

0.55 

5.2 

<%) 

+ 845.4 

10.5 

64.5 

(%) 

+ 514.3 

Beichert-Meissl no. . 

27.8 

56.3 


26.7 

43.7 

+ 63.7 

Polenske no. 

1.8 

4.1 

+127.8 

1.7 

3.2 

+ 88.3 

Saponification no. 

Iodine no. ... . . 

227.4 

249.3 

+ 9.6 

226.2 

238.3 

+ 5.3 

35.1 

38.3 

+ 9.1 

35.9 

38.3 

+ 9.5 

Befractive index . 

1.4544 | 

1.4535 

- 0.06 

1.4540 

1.4528 

- 0.1 
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The extract obtained was a normal golden yellow color and was liquid 
at room temperature. The flavor of the fat from non-rancid cream was not 
rancid in flavor, although it retained the flavor of ether to some extent. The 
extract from the rancid cream possessed an extremely pungent, rancid, bitter 
flavor. 

Several characteristics of non-rancid and rancid fat and their respective 
alcohol extracts are presented in table 3- These data reveal that in com¬ 
parison to the original fat, the extracts are higher in acid degree, Reichert- 
Meissl and Polenske numbers, saponification number, and iodine number, 
but lower in refractive index. The differences between the characteristics 
of the fat and its extract are especially pronounced with the acid degree and 
the Reichert-Meissl and Polenske numbers. In the case of the non-rancid 
series, the extract (when compared to the original fat) exhibits a two-fold 
increase in Reichert-Meissl number, a 2.3-fold increase in Polenske number, 
and a 9.4-fold increase in acid degree. In the rancid series, the acid degree, 
the Reichert-Meissl, and the Polenske are greater in the extract than in the 
fat by 6.1-fold, 1.6-fold, and 1.9-fold, respectively. On a percentage basis, 
the differences between these three characteristics for the fat and extract 
are less in the rancid series than for the non-rancid series. 

The results in table 3 also reveal that the difference in saponification 
number between the fat and the extract is less for the rancid than for the 
non-rancid series, whereas the change in iodine number is substantially the 
same. 

DISCUSSION 

The results obtained reveal the possibility of utilizing alcohol extraction 
of milk fat as a simple means of concentrating the fatty acids liberated by 
lipase action. Also, this alcohol extraction procedure would appear to 
create conditions more favorable for specific identification of the acids in¬ 
volved since it separates the fatty acids from the major portion of the 
milk fat. 

Even though the alcohol extraction resulted in a portion of milk fat 
more highly concentrated in free fatty acids than the original fat, the chemi¬ 
cal analysis of the extract by the methods used in this study does not appear 
to yield data sufficiently specific to offer a substantial basis for conclusions 
relative to the selectivity of tin* milk lipase system for certain acids or 
groups of acids. The fat characteristics of the alcohol extracts did reveal 
a high concentration of the shorter-ehained fatty acids, but this occurred 
in both the non-rancid and rancid series. It is true that on a percentage 
basis, the concentration of shorter-chained fatty acids did not differ as much 
between the rancid fat and its extract as between the identical pair in the 
non-rancid series, whereas the iodine numbers were essentially identical. On 
this basis, the extract from the rancid fat may be said to contain a higher 
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percentage of saturated, non-volatile, non-soluble fatty acids than the cor¬ 
responding extract from the non-rancid fat. However, it would appear 
illogical to draw any definite conclusions in this connection without addi¬ 
tional and more specific evidence. 

One factor which may affect the results obtained in a chemical analysis 
of milk fat is the method of preparing the fat. The fat used in this study 
was prepared by the conventional churning procedure. More recently (7) 
it has been demonstrated that extracting the fat from milk or cream will 
yield a product appreciably higher in free fatty acids. Subjecting this ex¬ 
tracted fat to chemical analyses may reveal more concerning lipolytic effects 
than has been achieved in this study on fat obtained.by churning. 

In general, the use of fat characteristics to distinguish between a non- 
rancid and a rancid fat apparently leaves much to be desired, even though 
the free fatty acids present are removed first. However, the failure of the 
analyses to reveal a high degree of lipase selectivity should not necessarily 
imply that this is due entirely to a lack of sensitivity in the methods used. 
More logically, one may accept these results as offering some basis for the 
assumption that milk lipase acts rather generally on all of the glycerides 
present and to about the same extent, thus yielding a mixture of free fatty 
acids which, chemically, resemble quite closely the original fat. It is true, 
however, that a more specific identification of the fatty acids involved is 
necessary before final conclusions maj r be drawn in this connection. 

SUMMARY AND CONCLUSIONS 

Studies were conducted to ascertain the possibility of determining the 
specific fatty acids involved in lipase action in milk by applying chemical 
analyses (a) to milk fat before and after removing the fatty acids by 
alkaline washing and (b) to an extracted product obtained by treating milk 
fat with hot alcohol. Acid degree, Eeichert-Meissl number, Polenske num¬ 
ber, iodine number, and refractive index were used. 

Other than in acid degree, the chemical analysis of milk fat before and 
after the alkali washing did not reveal any distinct difference between non- 
rancid and rancid fat. 

The alcohol extraction method resulted in a fraction in which *the free 
fatty acids were highly concentrated and which also contained a greatly 
increased proportion of the lower fatty acids in comparison to the original 
fat. However, the Eeichert-Meissl, Polenske, and iodine numbers and the 
refractive index of the alcohol-soluble fraction were not sufficiently differ¬ 
ent between the rancid and non-rancid series to reveal any appreciable 
specificity of the lipase action for particular fatty acids. 

A brief discussion is presented of the limitation of the results and of the 
interpretations which may be placed thereon. 
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PHOSPHATASE TEST FOR VARIOUS DAIRY PRODUCTS 

GEORGE P. SANDERS and OSCAR S. SAGER 

Division of Dairy Research Laboratories, Bureau of Dairy Industry, Agricultural 
Research Administration, U. S. Department of Agriculture 

This report describes a laboratory test for various dairy products to 
determine the adequacy of pasteurization. It includes those modifications 
needed to produce uniformly quantitative phosphatase values under fixed, 
standard conditions in applying the test to various common varieties and 
kinds of cheese and to fluid milk, cream, ice cream mix, sherbet mix, chocolate 
drink, butter, sweet buttermilk, cultured buttermilk, fermented milk drinks, 
goats’ milk, and cheese wliey. The modifications for different products are 
based on research in the Bureau of Dairy Industry; the results, with the 
exception of those for Cheddar cheese and fluid milk (1), have not yet been 
published. 

REAGENTS 

1. Buffers: 

a. Barium borate-hydroxide buffer. Dissolve 25.0 g. of C.P. barium hy¬ 
droxide (Ba(OH) 5 • 8 H 2 0—fresh, not deteriorated) in distilled water and 
dilute to 500 ml. In another flask or cylinder dissolve 11.0 g. of C.P. boric 
acid (H s B 0 3 ) and dilute to 500 ml. Warm each to 50° C., mix the two 
together, stir, cool to approximately 20° C., filter, and stopper the filtrate 
tightly (pH 10.6). 

The buffer thus prepared is designated as the 25-11 buffer, the figures 
indicating the grams per liter of each of the respective reagents. Modifica¬ 
tions in the quantities of these two reagents, necessary in preparing the 
appropriate buffers for testing various products, are indicated in tables 1 
and 2. 

b. Color development buffer. Dissolve 6.0 g. of sodium metaborate 
(NaBOi) 1 and 20 g. of sodium chloride in water and dilute to 11. with water 
(pH 9.8). 

Received for publication July 10,1947. 

* Ob tainable from Amend Drug and Chemical Company, Inc., 117 East 24th Street, 
New York 10, N. Y. 
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TABLE 1 


Phosphatase test modifications for different hinds of cheese and 
cheese of different ages 


Kind of cheese 

Age or extent 
of curing; 
other details 

Buffer for 
opt. pH 
(9.85-10.20) 

Precipitant 

Criterion, 

experi¬ 

mental, 

phenol 

equivalent* 

Cheddar, granular. 

< 1 wk. 

25-ll*> 

6.0-0.1® 

Y/0.25 g. 

3 

stirred curd, hard 

1 wk.-l.5 mo. 

25-11 

6.0* 

3 

cheese 

1.5-4 mo. 

26-11 

6.0 

3 


> 4 mo. 

27-11 

6.0 

3 

Washed curd, soaked 

< 1 wk. 

25-11 

6.0-0.1 

3 

curd, Colby 

1 wk.-2 mo. 

25-11 

6.0 

3 

> 2 mo. 

26-11 

6.0 

3 

Swiss, Gruy&re 

< 1 wk. 

25-11 

6.0-0.1 

3 

1 wk.-l mo. 

25-11 

6.0 

3 


1-3 mo. 

26-11 

6.0 

3 


> 3 mo. 

27-11 

6.0 

3 

Brick, Muenster 

< 1 wk. 

25-11 

6.0-0.1 

3 

1 wk.-l mo. 

25-11 

6.0 

3 


1-2 mo. 

25-11 

6.0 

3 


> 2 mo. 

26-11 

6.0 

3 

Edam, Gouda 

< 1 wk. 

25-11 

6.0-0.1 

3 


1 wk.-2 mo. 

25-11 

6.0 

3 


2-4 mo. 

26-11 

6.0 

3 


> 4 mo. 

27-11 

6.0 

3 

Blue mold, blue 

< 1 wk. 

25-11 

6.0-0.1 

3 


1 wk.-l mo. 

26-11 

6.0 

3 


3-4.5 mo. 

27-11 

6.0 

3 


> 4.5 mo. 

as-n 

6.0 

3 

Camembert, Limburger 

< 1 wk. 

25-11 

6.0-0.1 

4 


1 wk.-l mo. 

25-11 

6.0 

4 


1-2 mo. 

26-11 

6.0 

4 


> 2 mo. 

27-11 

6.0 

4 

Monterey 

< 1 wk. 

25-11 

6.0-0.1 

3 


1 wk.-2 mo. 

25-11 

6.0 

3 


> 2 mo. 

26-11 

6.0 

3 

High moisture Jack 

< 1 wk. 

25-11 

6.0-0.1 

3 


1 wk.-2.5 mo. 

25-11 

6.0 

3 


> 2.5 mo. 

26-11 

6.0 

3 

Provolone, pasta filata 

< 1 wk. 

25-11 

6.0-0.1 

3 


1 wk.-l mo. 

25-11 

6.0 

3 


1-3 mo. 

26-11 

6.0 

* 3 


> 3 mo. 

27-11 

6.0 

3 

Parmesan, reggiano, 

< 1 wk. 

25-11 

6.0-0.1 

3 

monte, modena, 

1 wk.~2 mo. 

26-11 

6.0 

3 

Romano, asiago old 

2-6 mo. 

27-11 

6.0 

3 


6 mo.-l yr. 

28-11 

6.0 

3 


> lyr. 

29-11 

6.0 

3 

Asiago fresh 

Same as Cheddar 




Asiago medium 

< 1 wk. 

25-11 

6.0-0.1 

3 

# 

1 wk.-l mo. 

25-11 

6.0 

3 


1—3 mo. 

26-11 

6.0 

3 


> 3 mo. 

27-11 

6.0 

3 

Gorgonzola 

Same as blue 


. 

.... 
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TABLE 1—( Continued ) 


Hind of cheese 

Age or extent 
of curing; 
other details 

Buffer for 
opt. pH 
(9.85-10.20) 

Precipitant 

Criterion, 

experi¬ 

mental, 

phenol 

equivalent* 





y/0.25 g. 

Cottage,* cook cheese, 

Dry 

25-11 

6.0-0.1 

0 ' 

koch kaese 

Moist 

25-11 (8 + 2) f 

4.5-0.1 

0 

Cream cheese 


25-11 (7 + 3) 

4.5-0.1 

3 

Semi-soft cheese 

< 1 wk. 

25-11 

6.0-0.1 

3 


1 wk.-l mo. 

25-11 

6.0 

3 


> 1 mo. 

26-11 

6.0 

3 

Soft ripened cheese 

< 1 wk. 

25-11 

6.0-0.1 

4 


1 wk.-l mo. 

25-11 

6.0 

4 


> 1 mo. 

26-11 

6.0 

4 

Nokkelost, kuminost, 

< 1 wk. 

25-11 

6.0-0.1 

3 

sage cheese 

1 wk.-l .5 mo. 

25-11 

6.0 

3 


1.5-4 mo. 

26-11 

6.0 

3 


> 4 mo. 

27-11 

6.0 

3 

Pasteurized process, 

Soft, mild 

25-11 

6.0 

3 

past. proc. pimiento, 

Medium firm 

26-11 

6.0 

3 

past. x>roc. with fruits, 

Firm, sharp 




meats, etc. 

(incl. Swiss, 





(vruyere) 

27-11 

6.0 

3 

Past. proc. cheese 

Same as 




foods; past. proc. 

pasteurized 




cheese foods with 

process 




fruits, meats, etc. 





Past. proc. cheese 

Soft, high 




spreads; past. proc. 

moisture, 




cheese spreads with 

incl. cream 




fruits, meats, etc. 

spreads 

25-11 

6.0 

3 


Less soft, incl. 





Blue 

26-11 

6.0 

3 

Cold pack, club; cold 

Mild to medium 




pack cheese foods; 

flavored, soft 

26-11 

6.0 

3 

cold pack cheese 

Sharp, firm 

27-11 

6.0 

3 

foods with fruits, 





meats, etc. 






• Values higher than'those shown indicate under-pasteurization. 

& Grams Ba(OH) f * 8 H t O and H a BO a , respectively, per 1. 

o Grams ZnSO« * 7 H a O and CuS0 4 • 5 H a O, respectively, per 100 ml. 

4 Grams ZnS0 4 * 7 H*0 per 100 ml. 

• See also more sensitive modification in text—alternative. 

f Eight parts of 25-11 buffer plus 2 parts of water. 

c. Color dilution buffer. Dilute 100 ml. of color development buffer 1—b 
to 11. with water. 

d. Standard borax buffer, 0.01-molar, for checking pH meter—pH 9.18 at 
25° C.* Dissolve 0.9603 g. of pure borax (Bureau of Standards Sample 187) 
in riiatiHeri water (distilled recently or freshly boiled and cooled) and dilute 
to 250 ml. Keep stoppered tightly. 

• All pQ wdjm reported herein were determined at 25° O. or corrected to that tern* 
perature. 
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2. Buffer substrates: 

a. For evaluating pasteurization . Dissolve 0.10 g. of phenol-free crystal¬ 
line disodium phenyl phosphate 3 in 100 ml. of the appropriate (tables 1’ 
and 2) barium borate-hydroxide buffer 1-a. 

b. For quantitative results with raw milk and raw-milk products . Dis¬ 
solve 0.20 g. of the phenol-free crystalline disodium phenyl phosphate in 
100 ml. of the appropriate (tables 1 and 2) barium borate-hydroxide buffer 
1-a. 

TABLE 2 


Phosphatase test modifications for various dairy products other than cheese 


Product 

Quantity of 
sample 

Buffer for 
optimum pH 
(9.85-10.20) 

Precipi¬ 

tant 

Criterion, 

experimental, 

phenol 

equivalents® 

Milk: 

Fresh 

1ml. 

25-ll b (5 + 5) c 

3.0-0.6 d 

2 y/0.5 ml. 

Old or slightly sour . 

1ml. 

25-11 

6.0 

2 v/0.5 ml. 

Cream: 

Fresh . . . 

1 ml. or 1 g. 

25-11 (5 + 5) 

3.0-0.6 

2 y/0.5 ml. or 0.5 g. 

Old or slightly sour. 

1 ml. or 1 g. 

25-11 (8 + 2) 

4.5 

2 y/0.5 ml. or 0.5 g. 

Ice cream mix . 

1 ml. 

25-11 (8+2) 

4.5-0.1 

2 y/0.5 ml. 

Sherbet mix . 

1 ml. 

25-11 (5 + 5) 

3.0-0.6 

2 y/0.5 ml. 

Chocolate drink . 

1ml. 

25-11 (8 + 2) 

4.5-0.1 

2 y/0.5 ml. 

Butter . 

lg. 

18-8 

6.0 

2 y0.fi g. 

Sweet buttermilk 

1 ml. 

25-11 (5 + 5) 

3.0-0.6 

2 y/0.5 ml. 

Cultured buttermilk and 
fermented drinks: 
Medium acid . 

1 ml. 

25-11 

6.0 e 

2 y/0.5 ml. 

Very acid, pH < 4.5... 
Goats’ milk*. 

1 ml. 

26-11 

6.0 

2 y/0.5 ml. 

3 ml. 

27-11 

7.5-0.1 

0 y/ 1.5 ml. 

Cheese whey . 

1 ml. 

25-11 (5 + 5) 

3.0-0.6 

2 y/0.5 ml. 


* Values higher than those Bhown indicate under-pasteurization. 

b Grams Ba(OH) 9 • 8 H a O and HaBO*, respectively, per 1. 

o Five parts of 25-11 buffer plus 5 parts of water. 

<* Grams ZnSO* • 7 ILO and CuS0 4 • 5 H a O, respectively, per 100 ml. 

* Grams ZnS0 4 • 7 l£,0 per 100 ml. 

f 4-hour incubation period: use 7.0 ml. of filtrate and add 3.0 ml. of color development 
buffer 1-b. 

3. Protein precipitants: 

a. Zinc-copper precipitant for milk . Dissolve 3.0 g. of zinc sulfate 
(ZnS0 4 * 7 H 2 0) and 0.6 g. of copper sulfate (CuSO* * 5 H 2 0) in water and 
dilute to 100 ml. with water. The precipitant thus prepared is designated 
as the 3.0-0.6 precipitant. 

b. Zinc-copper precipitant for unripened cheese . Dissolve 6.0 g. of zinc 
sulfate and 0.1 g. of copper sulfate in water and dilute to 100 ml. with water. 
This precipitant is designated as the 6.0-0.1 precipitant. 

c. Zinc precipitant for ripened cheese . Dissolve 6.0 g. of zinc sulfate in 

* Obtainable, relatively pure, from Applied Besearch Institute, 2 East 23rd Street, 
New York 10, N. Y. 
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water and dilute to 100 ml. with water. This precipitant is designated as 
the 6.0 precipitant. 

The quantities of the respective reagents to use in preparing the precipi- 
tants for testing other products, not mentioned under ‘ ‘ Protein precipitants” 
above, are indicated in tables 1 and 2. 

4. BQC or 2,6-dibromoquinonechloroimine solution ( Gibbs’ reagent ): 
Dissolve 40 mg. of BQC 4 powder in 10 ml. of absolute ethyl or methyl alcohol 
and transfer to a dark-colored dropper bottle. This reagent remains stable 
for at least a month if kept in the ice tray of a refrigerator. Do not use it 
after it begins to turn brown. 

5. Other reagents: 

a. Copper sulfate, 0.05 per cent, for standards. Dissolve 0.05 g. of copper 
sulfate in water and dilute to 100 ml. 

b. Butyl alcohol . Specify n-butyl alcohol, boiling point 116-118° C. To 
adjust the pH, mix 50 ml. of the color development buffer 1-b with a liter 
of the alcohol. 

6. Phenol standards: 

a. Stock solution. Weigh accurately 1.0 g. of pure phenol, transfer to 
a liter volumetric flask, dilute to a liter with water, and mix. One ml. con¬ 
tains 1 mg. of phenol. Use this stock solution to prepare standard solutions. 
It is stable for several months in the refrigerator. 

b. Preparation of standards. Dilute 10.0 ml. of the stock solution 6-a to a 
liter with water, and mix. One ml. contains 10 y or units of phenol. Use 
this standard solution to prepare more dilute standard solutions; e.g dilute 
5, 10, 30, and 50 ml. to 100 ml. with water to prepare standard solutions con¬ 
taining 0.5,1.0, 3.0, and 5.0 y or units of phenol per ml., respectively. Keep 
standard solutions in the refrigerator. 

In a similar manner, prepare from the stock solution as many more con¬ 
centrated standard solutions as may be needed, containing, for example, 20, 
30, and 40 units per ml. 

Measure appropriate quantities of the phenol standard solutions into a 
series of tubes (preferably graduated at 5.0 and 10.0 ml.) to provide a suita¬ 
ble range of standards as needed, containing 0 (control or blank), 0.5, 1.0, 
3.0, 5.0, 10.0, etc., to 30 or 40 units. To increase the brightness of the blue 
color and improve the stability of the standards, add 1.0 ml. of 0.05 per cent 
copper sulfate solution 5-a to each. 

Add 5.0 ml. of color dilution buffer 1-c and add water to bring the volume 
to 10.0 ml. Add 4 drops (0.08 ml.) of BQC 4, mix, and allow to develop for 
30 minutes at room temperature. If the butyl alcohol extraction method is 
to be used in the test, extract the standards as described under “ Conducting 
the test” 

Read the color intensities with a photometer, subtract the value of the 

4 Obtainable from Applied Research Institute. 
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blank from the value of each phenol standard, and prepare a standard curve 
(straight line). When the standards are to be used for visual comparisons, 
they should be stored in a refrigerator. 

PHOTOMETRIC DETERMINATION 

To read the color in aqueous solution, use a filter with maximum light 
transmission in the region of 610 m/u wave length. 

To read the color in butyl alcohol, extract the color as described above and 
centrifuge the sample for 5 minutes to break the emulsion and to remove the 
moisture suspended in the alcohol layer. A Babcock centrifuge can be 
adapted for this purpose by making special tube holders as follows: Slice a 
section 0.25 inch thick from a rubber stopper of suitable diameter to fit in 
the bottom of the centrifuge cup. Glue together two cork stoppers of appro¬ 
priate diameter, bore through the center a hole of proper size to hold the tube 
snugly, and insert the double cork section into the cup. After centrifuging, 
remove nearly all of the butyl alcohol by means of a pipet with a rubber bulb 
on the top end. Filter the alcohol into the photometer cell and read with a 
filter with maximum light transmission in the region of 650 m n wave length. 

If more than approximately 4 ml. of butyl alcohol is required for the 
photometer used, conduct the test in a larger tube and extract the color, in 
both the test and the standards, with the necessary quantity of butyl alcohol 
rather than with 5 ml. specified above. 

SAMPLING 

1. Milk and other fluid products: Mix the product well, pour several 
milliliters into a small tube, stopper the tube, and keep it in a refrigerator. 

2. Sard cheese: Take a sample from the interior with a clean Roquefort 
trier, place in a small tube, stopper the tube, and keep it in a refrigerator. 

3. Soft and semi-soft ripened cheese: Harden the cheese by chilling it in 
the freezing chamber of a refrigerator. Take special precautions to avoid 
contaminating the sample with phosphatase that may be present on the sur¬ 
face ; use either of the following methods for sampling: 

a. Cut a portion from the end of the loaf or from the side of the cheese, 
extending in at least 2 inches if possible or to a point somewhat beyond the 
center in the case of a small cheese. Cut a slit about 0.5 inch deep-at least 
halfway around the portion and midway between the top and bottom. Break 
the portion into two parts, pulling it apart so that it breaks on a line with 
the slit, being careful not to contaminate the freshly-exposed, broken surface. 
Remove the sample from the freshly-exposed surface at or near the center of 
the cheese. 

b. Remove the surface of the area to be sampled— e.g., the end and the 
adjacent sides—with a clean knife or spatula, to a depth of 0.25 inch. Clean 
the instrument and hands with hot water and phenol-free soap and wipe 
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them dry. Remove the freshly-exposed surface to a similar or greater depth, 
and repeat the cleaning. Then take the sample from the center of the 
freshly-exposed area, preferably at or near the center*of the cheese in the 
case of a small cheese. 

4. Process cheese, spreads, butter, and other non-fluid products: Take the 
sample from beneath the surface with a clean knife or spatula. 

5. Ice cream and sherbet: Melt the portion removed and allow it to re¬ 
main melted for an hour or longer before testing it as a fluid product. 

Avoid the use of samples contaminated with mold. 

CONDUCTING THE TEST 

The chemical principles involved in the detection and measurement of 
milk phosphatase activity are the same for all dairy products. The funda¬ 
mental reasons for the general modifications in the test were described earlier 
(1). Some modifications, described below, have been found necessary for 
different dairy products, because of their differences in physical properties, 
compositions, and especially buffering capacities. 

Cheese: 

Step 1 . Weigh, on a clean balance pan or watch glass, a 0.50-g. sample 
(or preferably two samples) and place in a culture tube 16 or 18 x 150 mm. 
Similarly, weigh another sample and place in a tube as a control or blank. 
If the cheese is sticky, weigh the sample on a piece of wax paper about lxl 
inch and insert the paper with the sample into the tube. Macerate the blank 
and the test with a glass rod about 8 x 180 mm. 

Step 2. Add to the blank 1.0 ml. of the appropriate barium buffer 1-a 
(without substrate added) (table 1), macerate with the rod, leave the rod 
in the tube, heat for about a minute to at least 85° C. in a beaker of boiling 
water with the beaker covered so that the entire tube is heated to approxi¬ 
mately 85° C., cool to room temperature, and macerate again with the rod. 

Step 3 . Add to the test 1.0 ml. of the appropriate barium buffer sub¬ 
strate 2-a or 2-b (table 1), and macerate. 

Prom this point, treat the blank and the test in a similar manner. 

Add 9.0 ml. of the appropriate barium buffer substrate 2-a or 2-b (total, 
10.0 ml. added), and mix. The rod may be left in the tube during incuba¬ 
tion ; if it is removed at this point, cut a piece of filter paper approximately 
lxl inch, wrap and hold it tightly around the rod, rotate the rod while with¬ 
drawing it from within the tube so as to wipe the rod clean, insert the paper 
with the adhering fat into the tube, and stopper the tube. 

Step 4 . Incubate in a water bath at 37-38° C. for 1 hour, mixing or 
shaking the contents occasionally. 

Step 5 . Place in a beaker of boiling water for nearly a minute, heating 
to approximately 85° C. (use a thermometer in another tube containing the 
same volume of liquid). Cool to room temperature. 
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Step 6. Pipet in 1.0 ml. of the zinc precipitant 3-c for ripened cheese, 
or the zinc-copper precipitant 3-b for unripened cheese, and mix thoroughly 
(pH of mixture, 9.0-9.1). 

Step 7. Filter (5-cm. funnel, 9-cm. Whatman no. 42 or no. 2 paper 
recommended), and collect 5.0 ml. of filtrate in a tube, preferably graduated 
at 5.0 and 10.0 ml. 

Step 8. Add 5.0 ml. of color development buffer 1-b (pH of mixture, 
9.3-9.4). 

Step 9. Add 4 drops of BQC 5 4, mix, and allow the color to develop 
for 30 minutes at room temperature. 

Step 10. Determine the amount of blue color by either of two methods: 

a. With a photometer. Bead the color intensity of the blank and that 
of the test, subtract the reading of the blank from that of the test, and con¬ 
vert the result into phenol equivalents by reference to the standard curve 
described under “Phenol standards”. The butyl alcohol extraction method 
ordinarily is unnecessary when using a photometer. 

b. With visual standards. For quantitative results in borderline in¬ 
stances, e.g., tests yielding 0.5 to 5 units of color, extract with butyl alcohol 
5-b. Add 5.0 ml. of the alcohol and invert the tube slowly several times; 
centrifuge if necessary to increase the clearness of the alcohol layer, and com¬ 
pare the blue color with the colors of standards in the alcohol. 

With samples yielding more than 5 units, compare the colors in aqueous 
tests with those of aqueous standards. 

Step 11. Dilution method for quantitative results: In tests that are ob¬ 
served to be strongly positive during color development— e.g., 20 units or 
more—in which 4 drops of BQC may be much less than sufficient to combine 
with all of the phenol, pipet an appropriate proportion of the contents into 
another tube, make up to 10.0 ml. with color dilution buffer 1-c, and add 2 
drops more of BQC in the case of an unripened product or 4 drops in the 
case of a ripened product. With each test, dilute and treat the blank in the 
corresponding manner. Dilute each strongly positive test thus until the 
final color is within the range of the visual standards or photometer. Allow 
30 minutes for color development after the last addition of BQC, and make 
the reading at the end of the 30-minute period. To correct, multiply by 2 
for a 5 -l- 5 dilution, by 10 for a 1 + 9 dilution, and by 50 for a 1 + 9 followed 
by a 2 + 8 dilution. 

Alternatively, to reduce the amount of yellow off-color, add 2 instead of 
4 drops of BQC after each dilution, and allow the color to develop. Then 
test the completeness of color development by adding a third drop. Repeat 
the dilution procedure until the addition of an extra drop does not cause 
any further increase in the amount of blue color. 

t For merely detecting under-pasteurization in testing unripened cheese, 2 drops are 
sufficient, provided the visual standards likewise are prepared with 2 drops. 
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Step 12. Calculation and evaluation of result: When using 0.5 g. of 
solid sample and adding a total of 11.0 ml. of liquid, multiply the value of the 
reading by 1.1 to convert it to units of color or phenol equivalents per 0.25 g. 
of cheese. If desired, the result may be converted to phenol equivalents per 
1 g. by multiplying by 4.4. Evaluate the result by comparing it with the 
criteria of pasteurization in table 1. 

Milk and other fluid products: 

Step 1. Pipet a 1.0-ml. sample (preferably two) into a tube and pipet 
1.0 ml. into another tube as a control or blank. In testing cream, the sample 
may be weighed (1.0 g.) if desired; in testing goats’ milk, pipet in a 3.0 ml. 
sample (table 2). 

Step 2. Heat the blank to the temperature indicated under “Cheese: 
Step 2’’, and cool to room temperature. From this point, treat the blank 
and the test in a similar manner. 

Step 3. Add 10.0 ml. of the appropriate barium buffer substrate 2-a or 
2-b (table 2), stopper the tube, and mix. 

Steps 4 to 11, inclusive. Follow the directions given for the correspond¬ 
ing steps under “Cheese” above, substituting the appropriate precipitant 
(table 2) in step 6, and, for merely detecting under-pasteurization, using 2 
rather than 4 drops of BQC in step 9. 

Step 12. Calculation and evaluation of result: When using 1.0 ml. of 
fluid sample and adding 11.0 ml. of liquid (total liquid 12.0 ml., 5.0 ml. of 
filtrate used), multiply the value of the reading by 1.2 to convert it to phenol 
equivalents per 0.5 ml. of sample. If desired, the result may be converted 
to phenol equivalents per 1 ml. by multiplying by 2.4. Evaluate the result 
by comparing it with the criteria of pasteurization in table 2. 

Butter: 

Step 1. 'Weigh, on a piece of wax paper about lxl inch, on a balance, 
a 1.0-g. sample (preferably two) and insert the paper with the sample into 
the tube. Similarly, weigh another sample and place in a tube as a control 
or blank. 

Step 2. Heat the blank to the temperature indicated under “Cheese: 
Step 2”, and cool to room temperature. From this point, treat the blank 
and the test in a similar manner. 

Step 3. Add 10.0 ml. of barium buffer substrate 2-a or 2-b (prepared 
with 18-8 barium buffer, table 2), stopper the tube, and mix. 

Steps 4 to 11, inclusive. Follow the directions given for the correspond¬ 
ing steps under “Cheese” above, mixing the contents frequently and thor¬ 
oughly during incubation, substituting the appropriate zinc precipitant 
(table 2) in step 6, and, for merely detecting under-pasteurization, using 2 
rather than 4 drops of BQC in step 9. 

Step 12. Calculation and evaluation of result: When using 1.0 g. of 
butter and adding 11.0 ml. of liquid, multiply the value of the reading by 
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1.1 to convert the result to phenol equivalents per 0.5 g. of butter. Evaluate 
the result by comparing it with the criterion of pasteurization in table 2. 

MODIFICATIONS FOR DIFFERENT CHEESES AND OTHER DAIRY PRODUCTS 

Different dairy products, and different kinds of cheese and cheeses of 
different ages, have different buffering capacities, and, therefore, some of 
them require modification of concentrations of the reagents. The modifica¬ 
tions of the barium buffer needed to produce optimal pH conditions during 
incubation (9.85-10.20), and of the precipitant to yield uniformly dear fil¬ 
trates and to minimize interference during color development under optimal 
pH conditions (9.3-79.4), are specified in tables 1 and 2. 

With some samples, especially cheese samples of unknown history, slight 
deviations from the optimal pH range may occur, but such deviations do not 
very materially affect the results. For example, pH values as low as 9.6 or 
as high as 10.35 during incubation have been found to result in an average 
decrease of not more than 20 per cent below the maximum in the quantity 
of phenol liberated. The use of the 25-11 buffer substrate with samples for 
which the 27-11 buffer substrate is specified yields pH values not lower 
than 9.8. 

A trace of cloudiness in the filtrate, following the use of the precipitant 
as prescribed, indicates that the concentration of barium hydroxide in the 
buffer was not sufficiently great, i.e., that the buffer substrate was not suffi¬ 
ciently alkaline. For example, the 25-11 buffer diluted 5 + 5 with water, 
for use with fresh milk, may yield a cloudy filtrate if used with old milk 
having a pH below approximately 6.0, or with milk that has sourejl, and the 
test should be repeated with a more concentrated buffer and precipitant. 
Likewise, the 25-11 buffer, for use with unripened cheese, may yield a cloudy 
filtrate if used with ripened cheese, indicating that the concentration of the 
buffer used was not sufficient. Increasing the concentration of zinc sulfate 
in the precipitant also eliminates turbidity of the filtrate. 

In testing cheese of unknown history or age, information as to the per¬ 
centage of solids, especially the nonfat solids, is useful as an indication of 
the correct buffer to use; cheese with a relatively high percentage of nonfat 
solids generally requires the use of a relatively concentrated bufferito adjust 
the pH of the mixture correctly. 

For precise quantitative results on unknown samples, adjust the pH to 
10.0-10.05 for the incubation. 

Cottage cheese curd is heated in the presence of considerable acid during 
manufacture, and therefore its phosphatase values are comparatively low. 
Alternatively, to increase the sensitivity of the test on cottage cheese, apply 
the following modifications: Use a 1.0-g. sample, 27-11 buffer substrate, 
2-hour ineubation, 6.0-0.1 precipitant, and a pasteurization criterion of 2 
units per 0.5 g. 
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Phosphatase activity is much less in goats’ milk than in cows’ milk. The 
details of a modification designed to increase the sensitivity of the test 
applied to goats’ milk are specified in table 2. 

To test concentrated milk products, reconstitute the product with water 
to its original concentration of milk solids and test in the manner specified 
for the original product. 

In this work, phosphatase activity caused by microorganisms has not been 
found in any fresh or reasonably fresh products. It has been encountered 
in some samples of old butter and old cream, on the surfaces of some soft 
and semi-soft ripened cheeses, and in several specific cultures of microorgan¬ 
isms. Such activity, in all samples tested to date, is indicated by blue color 
in the controls or blanks heated as described above. This seems to indicate, as 
others have pointed out earlier in tests on a few strains of microorganisms, 
that microbial phosphatases require a higher temperature for inactivation 
than milk phosphatase. If any blue color is noted in the blank, the pres¬ 
ence of microbial phosphatase should be suspected. To test further for the 
presence of microbial phosphatase, repeat the determination, adding 1 ml. 
of the appropriate barium buffer (without substrate) to the blank and heat 
it for 5 minutes in boiling water in a covered beaker. If the blank treated 
thus is negative, it indicates that the blue color in the original blank was due 
to microbial phosphatase, i.e., a “false positive” sample. 

PRECAUTIONS 

The length of time that the crystalline disodium phenyl phosphate and 
the BQC pow’der will remain stable can be increased greatly by keeping them 
in the freezing chamber of a refrigerator. 

The glassware, stoppers, and sampling tools should be scrupulously clean, 
and it is desirable to soak them in hot, running water after cleaning. 

The solid barium hydroxide and the barium buffer must be kept stop¬ 
pered tightly to prevent absorption of carbon dioxide. 

Phenolic contamination from plastic closures on reagent bottles has been 
encountered, and therefore the use of plastic closures should be avoided. 
Rubber stoppers should not be used in flasks in which butyl alcohol is stored. 
Glass or cork stoppers should be used. 
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EFFECT OF HAY FEEDING IN SUMMER ON MILK PRODUCTION 
AND GRAZING PERFORMANCE OF DAIRY COWS 

D. M. SEATH and G. D. MILLEB 

Dairy Research Department, Louisiana Agricultural Experiment Station, Baton Rouge 

Previous studies in Louisiana (1, 2, 3) showed that milk cows apparently 
suffer from summer daytime atmospheric conditions. As a result, on warm 
days the grazing time between morning and evening milkings averaged less 
than 2 hours daily. While not grazing the cows were found in the shade. 
This time spent in the shade frequently was for periods of from 5 to 6 
hours. During these periods cows did not have opportunity to refill their 
paunches unless they ventured into the sunshine, and this they did not do. 

The present study was initiated in an effort to determine the value of 
providing hay as a supplemental midday feed. Extra feed thus would be 
provided to the animals at a time about midway between the time cows ceased 
grazing in the forenoon and when they entered the milking barn in the 
evening. Not only was there a desire to learn how this supplemental feed¬ 
ing would affect milk production, but information also was sought on how 
such a practice might change the grazing performance of cows and their re¬ 
actions to heat. Unpublished data from a preliminary Louisiana trial con¬ 
ducted in 1940 gave non-significant increases in milk yields when hay was 
fed at milking time during summer months while cows were on pasture. 
The hay fed was white Dutch clover and averaged 9 lb. daily. In that trial 
no check was made on possible changes in body weight of cows caused by the 
hay feeding. 

EXPERIMENTAL PROCEDURE 

Twenty cows, consisting of four groups of five Holstein cows each, were 
used in a manner appropriate for two double-reversal experiments. Cows 
were assigned to the groups so as to secure as much uniformity as possible, 
considering milk yield, stage of lactation, and other factors. Milk yields 
averaged approximately 27 lb. per cow daily at the start of the experiment. 
The experiment continued for 60 days, being divided into three 20-day 
periods. The first 10 days of each period were considered as the transition 
or preliminary period, and only the last 10 days were utilized in measuring 
results. 

During four relatively clear, warm days of each test period cows were 
watched continuously, day and night, in order to secure a record of their 
grazing performance. 

Hay fed in the trial was that cut in May, 1946, from a white Dutch clover 
field in St. Mary Parish, Louisiana. About two-thirds of the hay consisted 
of clover, while the remainder was grass, which consisted primarily of canary 
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grasses (Phalaris agusta Ness and Phalaris caroliniana Walt). This grass 
portion was coarse and stemmy and was low in palatability. 

During each of the three periods two groups of cows served as checks 
and received no hay. A third group was fed hay free-choice at the rate of 
0.5 per cent of body weight per cow ; the fourth group was fed in a similar 
manner all the hay they would clean up. The hay was placed in feeding 
racks located in the shade within pastures at around 11:30 a.m. daily, and 
cows ate most of their hay prior to entering the milking barn at 3:30 p.m. 
Prior to each milking, an appropriate grain mixture was fed to cows, indi¬ 
vidually, at a daily rate of 0.4 lb. for each pound of milk produced in ex¬ 
cess of 13 lb. daily. 

Excellent pasture was available to the cows throughout the experiment. 
More than average amounts of rainfall caused a greater than usual growth 
of the prevailing grasses—carpet (Axonopus aflinis), Bermuda (Cynodon 
dactylon), and Dallis (Paspalum dilatatum). The pasture area was divided 
by electric fencing so that the ten cows in check groups grazed one-half the 
area and each of the liay-fed groups of five cows each grazed one-fourth of 
the pasture. 

Cows were weighed for 3 consecutive days at the start and end of each 
experimental period in order to determine changes in body weight. 

RESULTS 

Hay consumption. Actual amounts of hay consumed after deducting 
that refused averaged 5.54 lb. per cow daily under the full-feeding schedule 
and 4.69 lb. per cow when limited to 0.5 per cent of body weight. At the 
time the experiment was planned it was estimated that hay consumption 
under the full-feeding plan would be twice that on the restricted level of 
0.5 per cent of body weight. The fact that an average of only 18.1 per 
cent more hay was consumed was due partially to the presence of low-quality 
canary grass in the mixed hay fed. 

Milk production and fat test. Milk yields (table 1) based on averages 
for the various groups and levels of hay feeding showed only minor changes 
due to hay feeding. Group A averaged 0.4 lb. more milk per cow daily on 
limited hay than during the check period, but group B averaged 1*0 lb. less 
per cow daily on limited hay than when on check periods. On full feeding 
of hay group C averaged 0.1 lb. per cow daily less than during the check 
period, and group D had an advantage in favor .of hay feeding of only 0.1 
lb. of milk per cow daily. 

An analysis of fat tests for individual cows during the experiment re¬ 
vealed no uniform trend either upward or downward attributable to hay 
feeding. Most of the variation found in tests was between periods, affect¬ 
ing in similar manner cows fed hay and those without hay. 

Day and night grazing time. The feeding of hay had only a minor 
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TABLE 1 


Effect of hay feeding at two levels on daily milk yield per cow 



Av. milk yields on: 

groups 

No hay 

Limited 

liay 

Full-fed 

hay 

Difference 


ob.) 

(ib.) 

(ib.) 

(ib.) 

A 

22.5 

22.9* 


+ 0.4 

B 

22.6* 

21.6 


-1.0 

C 

25.4 

_ 

25.3* 

-0.1 

D 

23.9* 


24.0 

+ 0.1 


# These averages represent mean values for 5 cows during first and third test periods. 
All other averages are based on those for 5 cows during second test period. 


effect on grazing time (table 2). Limited hay feeding apparently caused 
no reduction in grazing time; full-hay feeding resulted in less time spent 
grazing. Daytime grazing (between morning and evening milkings) aver¬ 
aged 1.92 hours for check periods and 1.63 hours for full-hay feeding 
periods. Night grazing (between evening and morning milkings) averaged 
4.85 hours for check periods and 4.47 hours under full-hay feeding periods. 
The 24-hour totals for grazing thus averaged 6.77 hours for checks and 6.1 
hours for full-hay feeding. The indicated reduction in grazing time due 
to the full feeding of hay was 0.67 hour or 40 minutes. 

A more detailed breakdown of the grazing data by periods (table 3) re¬ 
veals trends previously reported for Louisiana milking cows (1, 2) plus 
added information on activities of cows other than grazing. Daytime graz- 

TABLE 2 

Effect of hay feeding on day and night grazing time among groups of cows 


Periods 


Treatment 

I 

II 

Ill 

Av. 


(hr.) 

(hr.) 

(hr.) 

(hr.) 


(Daytime grazing) 


Limited hay. 

2.53 

1.58 

2.22 

2 

12 

Full hay . 

2.20 

0.97 

1.73 

1.63 

Check . 

2.38 

1.17 

2.15 

1.90 

Check. 

2.58 

0.85 

2.35 

1.93 

Av. 

2.47 

3.13 

2.12 

3.90 

(Night grazing) 






24-hr. 





mm 

av. 

Limited hay. 

4.40 

4.15 

5.30 

4.62 

6.73 

Full hay. 

4.42 

4.10 

4.88 

4.47 

6.10 

Check. 

4.25 

5.15 

4.97 

4.78 

6.68 

Check. 

4.30 

5.30 

5.17 

4.92 

6.85 

Av. 

4.35 

4.67 

5.07 

4.70 

6.60 
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TABLE 3 

Pasture performance of Holstein cows (j 90 cows with observation for $ days 
during each period ) 


Daytime summary 


Periods 

Air temp, t 

Grazing 

Not grazing 

In sun 

In 

shade 

Total 

In shade 
not in 
mud 

Lying 
in mud 

Eating 

hay* 

Total 


(°y.) 

(hr.) 

(hr.) 

<*»••) 

(hr.) 

(hr.) 

(hr.) 

(hr.) 

I . ... 

81 

1.99 

0.44 

2.43 ■ 

3.45 

1.25 


5.10 

II. 

91 



1.14 

4.10 

1.76 


6.86 

Ill . . 

89 

1.76 


2.12 

4.74 

0.08 

1.18 

6.00 

Av.. 

| 87 

1.49 


j 1.89 

4.10 

1.03 

0.66 

5.99 


Night summary 


Periods 

m 

Grazing 

Not grazing 

Total 

Standing 

Lying down 

, Total 


(°F.) 

(hr.) 

(hr.) 

(hr.) 

(hr.) 

I. 

76 

4.36 

1.33 

3.89 

5.22 

II. 

79 

4.67 

1.89 

2.83 

4.72 

Ill. 

72 

5.08 


3.84 

4.47 

Av.. 

76 

4.70 

1.28 

3.52 

4.80 


24-hr. totals 



Total 
time in 
pasture 

Grazing 

Not grazing 


(hr.) 


1 (%) 

(hr.) 

! (%) 

Daytime ... 

8.13 

■ W* 


6.23 


Night _ 

9.50 



4.80 


Total . 

17.63 

msm 


11.03 



* Only one-half of cows were fed hay during each period, so time spent eating hay 
is for one-half of cows, 
f At 3: 00 p.m. 
t At 11: 30 p.m. 

ing averaged 1.49 hours in the sunshine and 0.4 hour in the shade of trees, 
etc. The most daytime grazing occurred during the first period, when air 
temperatures were the lowest (81° F. at 3:00 p.m.). During this period 
grazing averaged 2.43 hours as compared to 1.14 hours for the second period 
when air temperatures at 3:00 p.m. were 91° F. 

Daytime spent not grazing consisted of 4.1 hours standing or lying in 
the shade (not in mud), 1.03 hours lying in mud, and 0.66 hour eating hay 
(for those fed hay). Qrazing at night averaged 4.7 hours, while time not 
grazing consisted of 1.28 hours with cows standing and 3.52 hours with them 
lying down. 

Body weight changes. Cows, on an average, lost weight during each of 
the first two 20-day periods and gained during the third period (table 4). 
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TABLE 4 


Changes in body weight during experimental periods 



Av. changes in body weights for period: 


I 

II 

III 


<».) 

(ib.) 

Ob.) 

A. Check group . . 

- 1 

-20 

+ 37 

B. Check group .... 

-26 

- 6 

+ 17 

C. Limited hay group 

- 7 

-13 

+ 16 

D. Full-fed hay group 

+ 8 

-17 

+ 17 


There was no uniform trend indicating that hay feeding aided in maintain¬ 
ing body weight. The fact that cows in all groups gained rather than 
lost in body weight during the third period may have been due to the more 
favorable weather or better pasture, or to a combination of these two factors. 

SUMUART 

1. Two double-reversal trials involving four groups of five cows each 
were conducted simultaneously over a period of three 20-day periods. The 
effect of feeding limited and full feedings of hay to cows at midday while 
they were in the shade was tested while cows had access to excellent perma¬ 
nent pasture. The fact that the hay fed consisted of one-third grass (and 
two-thirds clover) may have caused the results to be quite different from 
those which might have been secured had all of the hay consisted of high 
quality clover. 

2. Average change in production for the two groups used in determining 
the influence of limited hay feeding (0.5 per cent of body weight daily) was 
+ 0.4 and -1.0 lb. of milk per cow daily. Daily hay consumption averaged 
4.69 lb. per cow during periods fed hay. 

3. The two groups on the full-hay feeding phase showed changes due to 
the hay supplementation averaging +0.1 and -0.1 lb. per cow daily com¬ 
pared to check periods, and during periods fed hay consumed an average 
of 5.54 lb. per cow daily. Changes in milk yields due to feeding of hay 
proved insignificant and economically unprofitable. 

4. No reduction for time spent grazing due to limited hay feeding could 
be found, although those on full feeding of hay grazed an average of 40 
minutes per day less than during check periods without hay. This differ¬ 
ence appeared to be due to chance variation rather than definitely to be 
caused by hay feeding. 

5. Hay feeding failed to produce definite changes in body weights of 
cows other than those also shown by check groups not fed hay. 

6. Gr azing in daytime consisted of 1.49 hours in the sunshine and 0.4 
hour in the shade. Time during day not grazing averaged 4.1 hours with 
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cows standing or lying in shade, 1.03 hours lying in mud, and, for periods 
fed hay, 0.66 hour eating hay. 

7. Activities at night averaged 4.7 hours actually grazing, 1.28 hours 
standing not grazing, and 3.52 hours lying down. 

CONCLUSIONS 

Results of this experiment would indicate that cows on very good pas¬ 
ture under conditions existing in southern Louisiana benefit only slightly 
if at all from the feeding of hay at midday. Hay feeding reduced little, if 
any, the time that cows actually graze either in daytime or night. Had 
better quality hay been used, it is possible that there may have been con¬ 
sistent beneficial effects from the hay feeding and a greater influence on 
grazing time. 

The information secured confirms previous work in Louisiana (1) on how 
grazing time is shortened by increases in air temperature, and that cows 
in summer graze much more at night than in the daytime. The tendency 
for Holstein cows to lie in mud when possible again was noted (2). It 
remains for future experimentation to determine the practicability of hay 
supplementation to cows when on poor pasture and whether or not supple¬ 
mental feeds other than hay might produce better results than those secured 
in this experiment. 
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THE CONCENTRATION AND OUTPUT OP CAROTENOID PIG¬ 
MENTS, VITAMIN A, AND RIBOFLAVIN IN THE 
COLOSTRUM AND MILK OF DAIRY COWS 

T. S. SUTTON, B. G. WAENEE, and H. E. KAESEB 
The Ohio State University and The Ohio Agricultural Experiment Station, Columbus 

The importance of vitamin A in the nutrition of the newborn calf is well 
established. Recent work at the University of Illinois (15) has demon¬ 
strated that when young calves (less than 48 hours old) are placed on a 
riboflavin-free synthetic diet, a deficiency syndrome which can be cured by 
the administration of riboflavin develops in about 2 weeks. Thus, the 
importance of the riboflavin content of colostrum and milk in the nutrition 
of the very young calf is emphasized. 

Likewise, the data on the carotene and vitamin A content of colostrum 
are numerous, while much fewer data are available on riboflavin. 

Since the work of Dann in 1933 (2), a substantial number of papers have 
appeared in which data on the vitamin-A value of colostrum were presented, 
notably those of Semb et al. (9), Stewart and McCallum (11, 12), Henry 
ct al. (5), Kramer et al. (6), Sutton et al. (13), Hansen et al. (4), and 
Spielman et al. (10). In some of these reports the colostrum obtained from 
two or more milkings was combined for assay, and in many instances the 
sampling procedure was not described. In the experience of the authors 
the method of sampling is important in obtaining a sample for an accurate 
estimation of the vitamin A and carotene potency of the colostrum obtained 
at any particular milking. 

The data on the riboflavin content of colostrum are not so numerous. 
In 1938 Kramer et al. (7) made a biological determination of the riboflavin 
in the colostrum and milk of two Holstein and two Jersey cows on the first, 
fifth, and thirtieth day of lactation. They found that first-day colostrum 
was approximately two times as potent in riboflavin as fifth-day milk and 
three times as potent as thirtieth-day milk. 

Theophilus and Stamberg (14) made fluorometric determinations of 
the riboflavin content of the colostrum and milk of two Holstein and two 
Jersey cows on each of 8 consecutive days following parturition and on the 
twentieth day. They found that the colostrum was from 2.5 to 3.5 times 
as high in riboflavin as normal milk. Pearson and Darnell (8), using a 
larger number of cows of the Holstein and Jersey breeds, found that colos¬ 
trum at parturition contained an average of 6.10 /*g. of riboflavin per ml. 
and was approximately 3.4 times as potent as normal milk. 

The data on riboflavin content of cows’ colostrum which have appeared 
have been from the Jersey and Holstein breeds. While the decline from 
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day to day has been reported by Pearson and Darnell (8), the decline with 
successive milkings has not been reported. Only limited data are available 
on the total output of carotene, vitamin A, and riboflavin during the early 
stages of lactation. 

EXPERIMENTAL PROCEDURE 

In an experiment designed to evaluate the use of all colostrum produced 
in the raising of dairy cows, the calves were not allowed to nurse following 
birth. Thus samples for carotene, vitamin A, and riboflavin estimation 
which were truly representative of each milking were obtained. Oxytocin 
injections, as used by the Wisconsin workers (4), were not used to evacuate 
completely the mammary gland. The calves were left in the box-stalls with 
their dams for the first 3 days, but tied so they could not nurse. This pro¬ 
cedure has been found by the Wisconsin group to be essential for a normal 
“let-down” of milk for the first few milkings following parturition. 

The cows were milked twice daily and the complete milkings were 
weighed and sampled for assay. Data for the first ten milkings and the 
twentieth milking are reported in this paper. The assay samples were 
placed in brown glass bottles and refrigerated until analyzed, which usually 
was within 12 hours from the time of milking. 

The cows used for this study were not selected, but the analyses were 
made on the colostrum and milk of all the cows and heifers of the Ohio State 
University herd which freshened during the 1946 pasture feeding period. 

Vitamin A and total carotenoid pigments were determined by the method 
of Boyer et al. (1) and riboflavin by the method of Hand (3). Quantitative 
modifications were made in both procedures to adjust for the high potency 
of the colostrum. 

RESULTS AND DISCUSSION 

The data for carotene, vitamin A, and riboflavin content of colostrum 
and milk are summarized in tables 1, 2, and 3, respectively. The average 
output of these constituents in the colostrum and milk of these cows was 
calculated and is presented in table 4. In calculating the output of vitamin- 
A activity in terms of International Units, 1 mg. of vitamin A was con¬ 
sidered equivalent to 4,000 I.U. * 

The data for individual cows show considerable variation for all the 
constituents studied, the greatest variation occurring in the first m ilki ng. 
For example, the riboflavin content varied between 2.7 and 11.5 mg. per 1., 
carotene between 0.77 and 11.81 mg. per 1., and vitamin A between 0.85 and 
11.25 mg. per 1. for the first milking. 

Much of this variation cannot be accounted for at present. Although 
the cows were on pasture and were fed and managed similarly during the, 
time these data were obtained, not all freshened at the same time, and per¬ 
haps some of the difference between individuals was due to cumulative effects 
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of continued pasture feeding. The length of the dry period also varied 
among the individual cows. Further data are being obtained for a statis¬ 
tical study of the effects of the length of the dry period on colostrum com¬ 
position. The potency and total output of vitamin A in International Units 
were no higher in these cows than that previously reported from this 
laboratory (13) for cows that freshened in the winter months. 

The decline in potency with successive milkings during the early stages 
of lactation is striking. A few of the cows were milked out incompletely 
at the first milking due to severe udder congestion or for other reasons. In 
each of these eases the second milking was higher in carotene and vitamin A 
content. This observation is in agreement with the work of Hansen et al. 
(4). The potency for riboflavin did not follow the carotene and vitamin A 
in these cases that were incompletely milked at the first milking. In no in¬ 
stance was riboflavin more concentrated in the colostrum of the second 
milking. 

When cows are completely milked out at the first milking following par¬ 
turition, the quantity of colostrum obtained at the second milking 12 hours 
later is significantly less (table 4). This fact, coupled with the reduction in 
potency, accounts for a drastic decrease in total output of the constituents 
studied. 

In substantiation of the work of Theophilus and Stamberg (14), a breed 
difference in riboflavin potency of colostrum and milk is evident. The 
average riboflavin potency of the first milking found in this study is almost 
identical with that reported by Pearson and Darnell (8). The carotene data 
also support the observation that Guernsey colostrum has a higher con¬ 
centration of this constituent than that from other breeds studied (9). 

The high potency of colostrum in vitamin-A activity and riboflavin, both 
important dietary essentials for the newborn calf, emphasizes the practical 
importance of using all the colostrum produced in the raising of herd 
replacements. 

SUMMARY 

The potency and output of carotene, vitamin A, and riboflavin in the 
colostrum and milk of 35 pasture-fed cows representing five dairy cattle 
breeds were determined for the first ten milkings and the twentieth milking. 
Cows of all ages were included. 

The data obtained show a rapid decline in the concentration of these con¬ 
stituents with successive milkings. A level closely approaching that of 
normal milk is reached by the end of the third day following parturition 
(sixth milking). 

These data show first milking colostrum to be approximately ten times 
as potent in carotene, six times as potent in vitamin A, and 3.3 times as 
potent in riboflavin as normal milk obtained at the twentieth milking. 

The practical importance of using all the colostrum produced in the 
raising of calves is pointed out. 
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THE INFLUENCE OF MANAGEMENT, BREED, AND SEASON 
UPON THE pH OF BULL SEMEN 1 

QBEG BAPS and C. Y. CANNON 
Iowa State College , Ames 

The fact that spermatozoan viability is limited to a narrow pH range has 
emphasized the need for the consideration of hydrogen-ion concentration in 
semen studies. However, little investigation has been conducted to deter¬ 
mine the relationship of pH to other pertinent data on semen characteristics. 

Webster (10) first reported that the hydrogen-ion concentration of bull 
semen varied from pH 7.0 to 7.5. Milovanov’s early observations, quoted by 
Anderson (1, p. 4), showed bull semen to be slightly acid, with the pH 
usually ranging from 6.5 to 6.8, but in one case as low as 5.5. He further 
stated that the presence of abnormal amounts of accessory gland secretion 
may be responsible for an alkaline reaction (pH 7.0 to 7.5). Davis (2) 
found that collection techniques modified the hydrogen-ion concentration of 
resultant samples to a marked degree. Rectal massage of the ampulla and 
the accessory organs yielded semen of pH 7.5 to 8.0, while the use of the 
artificial vagina produced semen whose pH usually was below 7.0. 

Sergin (8) reported an average pH of 6.74 when using a quinhydrone 
electrode for the determination. Anderson (1, p. 4), from a study of 11 
fertile bulls, reported the mean pH of semen to be 6.73 ± 0.02. He further 
observed that, in conditions involving pathology of the genitalia, the re¬ 
action was characteristically alkaline. This observation was constant in 
hypogonadism and in epididymitis. Where consecutive samples had been 
studied, he stated that the second ejaculate was more acid and was of better 
quality than the first. However, on 571 samples from 11 bulls studied by 
Davis and Williams (3), the mean pH of the first ejaculate was 6.85 and 
that of the second ejaculate 7.23. 

Schneerson (7) showed that sperm concentrations up to 1.8 billion per 
milliliter existed in ejaculates having a pH of 5.8 to 6.0, while samples 
at pH 7.0 contained an average of only 0.6 billion per milliliter. Anderson 
(1, p. 4) reported a similar observation. 

The relationship between a long survival time and a more acid pH has 
been described by Schneerson (7). Dougherty and Ewalt (4) have shown 
s correlation between pH change during storage and viability of the sper¬ 
matozoa. 

EXPERIMENTAL PROCEDURE 

Observations were made on a series of semen samples collected at bi¬ 
monthly intervals during the early part of the study and at alternate 
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monthly intervals for the latter part. A total of 371 ejaculates from 66 
bulls housed at five different studs was examined from August, 1945, through 
June, 1946, a period which included the heaviest breeding season. 

These observations presented an opportunity to investigate additional 
relationships between semen pH and such factors as seasonal and other 
environmental conditions. Anderson (1, p. 137) had shown such conditions 
to have definite effects upon other semen characteristics and upon the re¬ 
sultant conception rate. 

The accumulated data were examined by an analysis of variance with the 
view to answering such questions as: (a) Are environmental conditions re¬ 
flected in pH of semen? (b) Are within-bull and w T ithin-breed differences 
evident in pH of semen? (c) Are seasonal changes noticeable in pH of 
semen? (d) Are there significant changes in the pH between first and 
second ejaculates? 

results 

Table 1 shows the mean pH readings of the semen used in this study. 
Since there were striking extremes in both care and management of the dif¬ 
ferent bull studs, a question immediately raised was whether such practices 
might be manifest by their effect upon the pH of the semen. The significant 
variations (P ^ 0.01) of pH readings between studs (table 2, no. 1) indi¬ 
cated a positive relationship between the semen pH level and the individual 
studs. 

TABLE 1 


Mean pH readings of 1st and 2nd ejaculations by breed and place 


Stud no. 

Ejaculation 

no. 

Brown 
Swiss 
(10 bulls) 

Guernsey 
(14 bulls) 

Ilolstoin 
(21 bulls) 

Milking 
Shorthorn 
(14 bulls) 

Mean pH 
of stud 

1 

1st 

6.61 

6.87 

6.65 

6.77 

6.73 


2nd 

7.56 

7.39 

6.68 

6.95 

7.15 

2 

1st 

6.54 

6.63 

6.38 * 

6.57 

6.53 


2nd 

6.68 

6.71 

6.47 

6.61 

6.62 

3 

1st 

6.55 

6.67 

6.62 


6.61 


2nd 

6.61 

6.64 

6.71 


6.65 

4 

1st 


7.14 

7.04 

7.49 

7.22 


2nd 


7.05 

6.94 

7.15 * 

7.05 

5 

1st 

6.67 

6.62 

6.60 

6.88 

6.69 


2nd 

6.82 

6.74 

6.69 

7.04 

6.82 

Av. 

1st 

6.59 

6.79 

6.66 

6.93 

6.76' 


2nd 

6.92 

6.91 

6.70 

6.94 

6.86 


A highly significant relationship (table 2, no. 3) existed between the 
individual stnds and the pH of the first and second ejaculates from their 
bulls. This was seen as a greater shift in pH from the first to the second 
ejaculations within one stud -as compared to a relatively small change be¬ 
tween the pH of the two ejaculates at another stud. 

A positive correlation (P Ss 0.05) was found to exist within breeds of the 
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four dairy breeds investigated (table 2, no. 4). The application of such 
a relationship might well be considered in the preparation of semen sub¬ 
strates. Phillips et al. (6) have shown significant relationships of other 
semen characteristics to breed. 

TABLE 2 


Results from an analysis of variance made on 371 semen samples 


Source of variation 

Degrees of 
freedom 

Sums of 
squares 

Mean 

squares 

1. Places . 

4 

9.8117 

2.452* 

2. Order of ejaculation . 

1 

0.2675 

0.265 

3. Order x place . 

4 

1.0158 

0.254* 

4. Breeds within place . 

14 

3.1086 

0.222t 

5. Order x bulls within place . .. 

14 

0.7045 

0.050 

6. Bulls within breed and place . 

40 

4.4964 

0.1121 

7. Order x bulls within breed and place 

40 

2.6372 

0.066 

8. Bays within bulls . 

71 

5.1127 

0.072t 

9. Order x days within bulls 

71 

3.1830 

0.045 


* Signifies P % 0.01. 
t Signifies P £ 0.05. 


The tendency of individual animals to maintain a significant level 
(P ^ 0.05) in their semen pH also was noted (table 2, no. 6). Repeated 
samplings from 21 bulls (six to twelve ejaculations per bull) were used for 
this determination. 

Finally, the effect of seasons upon pH (table 2, no. 8) was significant at 
the 5 per cent level and verified the findings of Swanson and Herman (9). 

DISCUSSION 

Possibly of greatest interest from a practical viewpoint was the rela¬ 
tionship which appeared between the semen pH from a stud and the per¬ 
formance of that stud. Stud no. 4, with the bulls having the highest mean 
pH (7.13), has been disbanded because of its inability to maintain a normal 
conception rate. Stud no. 1, with the next highest mean pH (6.93), has 
been reorganized completely. Stud no. 2, showing the lowest mean pH 
(6.57), is the only one of the five which has remained relatively unchanged. 

One immediately would suspect a possible effect of feeding and manage¬ 
ment practices upon semen pH. Practices in stud no. 4 (table 1) were the 
antithesis of most good husbandry methods. The bulls were cared for 
poorly, were kept in an ill-ventilated barn, and never were exercised except 
when removed from the tie stalls for semen collections. The feet of the bulls 
were in extremely bad shape, with overgrown claws resulting in permanent 
disability of several of the animals. The feed was of a low protein content. 
Timothy hay and Reed canary grass hay were the only roughages fed. The 
concentrate mixture was fed irregularly, with interruptions ranging from 1 
to 6 weeks in length. 

In contrast was the stud having the lowest mean pH. The barn was 
clean, dry, and free from strong urine odors. The bulls were exercised 
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regularly and groomed daily. The feet were kept properly trimmed. Feed¬ 
ing practices were in accord with those widely advocated, and A and D 
vitamin supplements were included in the ration. 

Of further interest was the apparent relationship of mean pH to breed 
of bull, for the pH readings of the semen from Holstein and Brown Swiss 
bulls were relatively lower than those of the other breeds studied. How¬ 
ever, as one considers other variations that have been noted between breeds 
(such as differing conception rates, lengths of active service and libido), the 
feasibility of this relationship can be recognized more easily. The rela¬ 
tionship needs further study, since its application to diluent preparations 
of standardized pH may be of importance. One might speculate that, with 



Fig. 1. Seasonal trend in pH based on differences between samples from same 
bulls. 

advancing knowledge of semen substrates, will come the preparation of 
diluents with pH standardized to individual breeds, possibly enhancin g 
semen longevity and conception rate. 

Anderson (1, p. 137) previously reported the significant differences of 
pH between individual bulls. The work reported here substantiated his 
findings. Phillips et al. (6) have shown, significant correlations of several 
other semen measures to breed. 

Anderson (1, p. 137) further observed highly significant monthly differ¬ 
ences in semen pH which he attributed to a basic seasonal rhythin in the bull 
associated with climatic factors. 
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The monthly fluctuations in the average pH of semen obtained from the 
same bulls are shown in figure 1. These fluctuations are notably wide, with 
February showing the highest pH readings and May the lowest. 

Swanson and Herman (9) have interpreted the significant monthly vari¬ 
ations to be due largely to the adverse effects of winter weather upon the 
physical well-being and sexual activity of the bull. One might speculate 
upon what other factors of seasonal variation could influence the pH. Rela¬ 
tive humidity, temperature, and changing periods of daylight are definite 
variations accompanying seasonal cycles. Mercier and Salisbury (5) have 
reported a significant relationship between light variation and conception 
rate in artificial breeding. 

Seasonal fluctuations in the nutritional level have been held to a mini¬ 
mum as the bulls were not pastured and were fed only the cured roughages. 
Thus the only change in the feed would be the storage loss of nutrients and 
vitamin content during the winter and spring periods. 

SUMMARY 

A study of the pH of 371 semen samples from 66 bulls in five studs was 
made over a period of 11 months. A highly significant correlation was 
found between the pH levels and the individual studs. It would appear 
that the conditions at the stud exerted a marked effect upon the pH level 
of semen produced. From one stud to another, the pH levels between the 
first ejaculations and the second were markedly different, further indicating 
the effect of individual stud management upon semen production. 

A positive correlation was observed between the pH readings taken from 
the semen of the individual bulls within the different breeds. The semen of 
individual bulls, irrespective of breed, tended to maintain a constant pH 
level. 

A definite seasonal fluctuation could be recognized as there were marked 
variations throughout the 11 months of study. 

The authors wish to express their appreciation to Dr. G. E. Dickerson, 
formerly Geneticist with the Regional Swine Breeding Laboratory, Ames, 
Iowa, now associate professor of animal husbandry, Columbia, Mo., for his 
assistance in setting up the statistical analyses. 
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SOME UNIQUE PROPERTIES OP LACTOSE AS A 
DIETARY CARBOHYDRATE 

LLOYD K. RIGGS and ANNABEL BEATY 
Kraft Foods Company, Chicago , Illinois 

A certain inadequacy of lactose as the sole carbohydrate in the diet of 
rats has been reported by Ershoff and Deuel (7), who also refer to previous 
reports on this subject. On the other hand, the complete adequacy of lac¬ 
tose as the only carbohydrate in the diet of rats is demonstrated by their 
growth and survival on a diet of whole milk supplemented by iron, copper, 
and manganese to prevent the development of dietary anemia. 

The adequacy or inadequacy of lactose as a carbohydrate evidently de¬ 
pends upon the amount of lactose ingested or upon the proportion of the 
total calories of the diet supplied by lactose. The violent reactions of rats 
to diets containing large amounts of lactose indicate a very great deviation 
in physiological action of lactose from that of the other usual food carbo¬ 
hydrates. 

The laxative action of considerable amounts of lactose in the diets of 
both mammals and birds is well known. When Ershoff and Deuel (7) fed 
a fat-free diet containing 73.2 per cent lactose, the animals exhibited a 
typical severe diarrhea and failed to survive. Mitchell (10) observed the 
more or less constant occurrence of diarrhea among rats fed on a moderately 
high (18 per cent) fat diet containing 60 per cent lactose. On this diet, the 
feces of the rats contained approximately 17 per cent of reducing sugar. 
The occurrence of diarrhea thus apparently is related to the inability of 
the rats to utilize completely such a large proportion (50.6 per cent) of total 
calories of the diet as lactose. 

A so-called 1 ‘flush” or diarrhea commonly is produced in young chickens 
by the feeding of a special mash containing 25 per cent of dried cheese whey. 
Ashcraft (1) reported that chickens fed on a ration containing 28 per cent 
dried cheese whey showed a persistent diarrhea and loss of weight. Beach 
(3) and Beach and Davis (4) noted that the droppings from chicks fed 
on a ration containing 20 per cent lactose were of a watery consistency. 

Farmers know that the feeding of large amounts of skim milk or whey 
to pigs produces a flushing, scouring, or purgative action. Spindler et al . 
(14) call attention to the purgative action of large amounts of skim milk in 
the diet of pigs. 

Apparently low concentrations of lactose in the diet of rats cause no 
obvious symptoms, and the sugar apparently behaves like other food carbo¬ 
hydrates. On the other hand, at high concentrations the action of lactose is 

Received for publication August 19, 1947. 
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strikingly different from that of other food carbohydrates. An intermediate 
range of lactose in the diet may be presumed to exist between these two ex¬ 
tremes. Within this intermediate range, either mild or transitory symptoms 
should be observed. 

From the above considerations, it appeared that a study of the influence 
of lactose in varying daily amounts might well be undertaken as a back¬ 
ground for a critical evaluation of existing literature and for the further 
evaluation of lactose in the diet. 

EXPERIMENTAL PROCEDURE 

Young rats of the Sprague-Dawley strain weighing 50 to 60 g. were 
used. The animals were housed in individual cages and unless otherwise 
specified the diets were fed ad libitum over a 12-week period. Feed con¬ 
sumption records were kept and a small amount of water was mixed with 
the diets to prevent scattering. Food refusals were weighed back at the 
end of each week so that the results could be studied by weekly intervals. 
The animals were weighed three times each week and observed for symptoms. 

A basal diet consisting of 20 per cent vitamin-free casein, 7 per cent salt 
mixture (USP XII, salt mix no. 2), 3 per cent butter oil, 2 per cent cod liver 
oil (USP XII), 1 per cent liver powder concentrate, and 67 per cent corn 
starch was used. Each 100 g. of this diet was supplemented with the fol¬ 
lowing amounts of accessory factors: 10.0 mg. alpha-tocopherol, 2.0 mg. 2- 
methyl-naphthoquinone, 3.0 mg. calcium pantothenate, 30.0 mg. niacin, 0.6 
mg. riboflavin, 0.6 mg. pyridoxine, 0.6 mg. thiamine, 75.0 mg. choline chlo¬ 
ride, 75.0 mg. inositol, and 75.0 mg. para-amino benzoic acid. This diet 
is capable of supporting growth, gestation, and lactation in rats of the 
Sprague-Dawley strain, although its performance in these respects is not 
as good as the stock colony diet composed of natural foodstuffs. When 
lactose or mixtures of galactose and glucose were incorporated in this diet, 
they replaced an equivalent weight of starch. Each lot of diet was analyzed 
for reducing sugar by the Munson-Walker method (2). 

The diets fed in the earliest experiment, in which dried cheese whey was 
used as a source of lactose, contained a high percentage of minerals and the 
amount was not reduced in the subsequent experiments using USP lactose. 
Since these studies were completed, Daniel and Harvey (5) have reported 
that the soluble ash of whey retarded growth and produced diarrhea in rats 
when whey was used as an ingredient in an infant-feeding formula contain¬ 
ing approximately 50 per cent lactose. In order to determine whether the 
high mineral content of the basal diet could have influenced growth and 
diarrhea observed in the present work, six young male rats were placed on 
a 50 per cent lactose diet (7.0 per cent salt mixture) and six litter mates 
were fed the same diet containing 3.5 per cent salt mixture, the difference 
being made up by 3.5 per cent cornstarch. No difference in growth, food 
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utilization, or incidence of diarrhea was observed between .the two groups 
over a 6-week period, so apparently the high mineral content of the basal 
diet has not influenced the results of this study. 

RESULTS 

Growth and food utilization . The observed growth on the basal diet and 
on the diet modified to contain 5, 10, 15, 20, 25, 30, 40, and 50 per cent of 
lactose is shown in table 1. Each group of eight rats consisted of four males 

TABLE 1 


Summarised growth and food utilization data from 12-weclc experiment 


Lactose 
content, of 
diet. 

No. of 
rats 



Av. total 
gain 

Av. feed 
consump¬ 
tion 

Feed re¬ 
quired for 
1-g. gain 

% 


(0.) 

(47.) 

(9-) 

(47-) 

(44-) 


Experiment I 


Basal 

8 

54 

277 

223 

1072 

4.81 

10 

8 

55 

290 

235 

1109 

4.72 

20 

8 

57 

271 

214 

1072 

5.01 

30 

8 

57 

275 

218 

1052 

4.83 

40 

8 

56 

254 

198 

1005 

5.08 

50 

8 

58 

235 

177 

973 

5.50 


Experiment II 


Basal 

8 

51 

279 

228 

1114 

4.89 

5 

8 

51 

282 

231 

1126 

4.87 

10 

8 

51 

293 

242 

1170 

4.83 

15 

8 

49 

282 

233 

1142 

4.90 

20 

8 

49 

280 

231 

1140 

4.94 

25 

8 

50 

272 

222 

nu 

5.00 


and four females. These cumulative 12-week results indicate that up to and 
including 30 per cent of lactose, these diets produce approximately the same 
growth and food utilization as does the basal diet. At lactose levels of 40 
and 50 per cent, growth is less; at the 50 per cent level, food utilization is 
less efficient. 

Relation of appearance of diarrhea to lactose intake . Significant as the 
above cumulative results may be, the reactions and symptoms of the animals 
early in the experiment must be considered. When young rats were placed 
on diets containing the higher levels of lactose, feed intake was reduced and 
they suffered from diarrhea. Since the symptoms were most prevalent dur¬ 
ing the first 4 weeks of the experiment, the approximate lactose consumption 
per day per kilogram of body weight has been calculated for each of the 
first 4 weeks and is shown in table 2. The body weights used for these 
calculations were averages of the initial and final weight for each weekly 
interval, and the system of weighing back food refusals at the end of each 
week gave the lactose consumption for the week. The appearance and 
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severity of diarrhea during each week also are shown. Diarrhea disap¬ 
peared after approximately 3 weeks in rats receiving diets containing 30 per 
cent lactose, but these animals were growing at a relatively rapid rate and 
weighed in the neighborhood of 170 g. at the end of 4 weeks. However, 
when the data are calculated to the basis of grams of lactose consumed per 
kilogram of body weight, the animals apparently were able to use larger 
amounts of lactose without having diarrhea after being on their respective 
lactose diets for a few days. 

During the first week there was some evidence of diarrhea on the 20 per 
cent lactose diet at a lactose intake of 22.2 g. per kg. of rat per day. On 
diets containing more lactose and where lactose intake was greater, the 
animals suifered from severe diarrhea during the first week. During the 
second week, diarrhea was not evident until the rats consumed 27.5 g. lactose 
per kg. body weight per day on the 25 per cent lactose diet. During the 
third week there was no severe diarrhea, and during the fourth week it was 
observed only in rats on the 40 and 50 per cent lactose diets. 

TABLE 2 


Approximate amount of lactose consumed per day 
(GraniB per kilogram body weight) 


Lactose content 
of diet 

1st week 

2nd week 

3rd week 

4tli week 

(%) 

(ff-) 

(.9-) 

(90 

(0-) 

5 

6.1 

6.1 

5.3 

4.3 

10 

12.3 

12.3 

10.4 

8.9 

15 

18.0 

18.7 

15.6 

14.4 

20 

22.2* 

24.4 

21.0 

19.8 

25 

28.5t 

27.5J 

27.8 

25.2 

30$ 

27.5t 

28.2$ 

29.4* 

25.6 

40$ 

36.lt 

36.4t 

38.41 

36.0* 

50$ 

42.71 

47.71 

44.91 

42.5* 


* Some evidence of diarrhea. 

t Severe diarrhea. 

t Moderate diarrhea. 

J These results are from experiment I; all others are from experiment II. 

In addition to the data shown in tables 1 and 2, the following additional 
observations should be pointed out. Bats on diets containing 30, 4Q, and 50 
per cent lactose developed a “pot-bellied” appearance, which persisted after 
the diarrhea cleared up but which disappeared before the end of the 12-week 
test period. Some of the animals on diets containing 40 and 50 per cent of 
lactose had rough coats during the first 3 or 4 weeks of the test. 

Adaptation to lactose. Since the capacity of the rats to utilize rations 
containing moderate amounts of lactose without having diarrhea apparently 
increased with length of time on the rations, this aspect was studied further. 
Forty-eight young male rats were divided into six groups of eight rats each. 
Table 3 gives the feeding schedule for each group during the 6-week test 
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TABLE 3 


Feeding schedule of diets followed in studying adaptation to lactose 


Group 

No. of 
rats 

1st 
| week 

2nd 

week 

3rd 

week 

4th 

week 

5th 

week 

6th 

week 

1 

8 

10% 

lactose 

20% 

lactose 

30% 

lactose 

40% 

lactose 

50% 

lactose 

60% 

lactose 

2 

8 

Basal 

20% 

lactose 

! 




3 

8 

i t 

Basal 

30% 

lactose 



. 

4 

8 

it 1 

c t 

Basal 

40% 

lactose 

- 


5 

8 

11 

11 

11 

Basal 

50% 

lactose 


6 

8 

n 

11 

11 

11 

Basal 

60% 

lactose 


period. The rats of group 1 were continued throughout the experiment, 
their lactose intake being stepped up each week through the feeding of diets 
containing a larger percentage of lactose. The rats in the other groups were 
discarded following the 1-week test period on a lactose diet. 

Beginning in the second week, all rats were weighed daily and feed 
intake regulated in such a way as to keep the rats on the basal diet growing 
at the same rate as the two groups on the lactose diet. An effort was made 
to keep the two groups on the lactose diet growing at the same rate. As the 
percentage of lactose increased, it became more difficult to keep the rats 
just placed on the diet growing as rapidly as those in group 1, where the 
lactose intake had been increased gradually. Clean papers were placed 
under the rats each day except Sundays, and these were observed the fol¬ 
lowing morning for evidence of diarrhea. 

Table 4 gives the average weights and feed consumption on each diet, 

TABLE 4 


Adaptation to lactose—summarised growth and food utilisation data 


Lactose 
content 
of diet* 

Week 

of 

test 

Group 

no. 

Initial 

weight 

W eight 
at end 
of 7 
days 

Gain 

Feed 

consumed 

Feed 
required 
for 1-g. 
gain 

(%) 

20 

2nd 

1 

61.4 

(</•) 

87.5 

(*•) 

26.1 

(g.) 

50.7 

(//.) 

1.94 

20 

11 

2 

63.0 

86.6 

23.6 

49.2 

2.08 

30 

3rd 

1 

87.5 

115.0 

27.5 

66.1 

2.40 

30 

< < 

3 

86.5 

115.6 

29.1 

74.5 

2.56 

40 

4th 

1 

115.0 

139.3 

24.3 

80.4 

3.31 

40 

<< 

4 

116.1 

136.9 

20.8 

80.6 

3.88 

50 

5th 

1 

139.3 

156.9 

17.6 

74.9 

4.26 

50 

ti 

5 

142.1 

151.5 

9.4 

72.2 

7.68 

60 

6th 

1 

156.9 

159.1 

2.2 

64.7 

29.41 

60 j 

< t 

6 

155.8 

151.9 

-3.9 

55.1 



* Previous dietary history of each group is shown in table 3. 
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both for the rats of group 1, in which lactose intake had been increased 
gradually, and for those which were transferred from the basal diet to the 
lactose diet. Figure 1 shows the incidence of diarrhea in each group. 
Since there was no diarrhea at the 10 per cent level, and gain and food 
utilization were equal to the groups on basal diet, the results of the first week 
are not shown in the table or the figure. 
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Fig. 1. Occurrence and degree of diarrhea. 

| — Some evidence of diarrhea, i.e., some unformed feces. 

4-Moderate diarrhea, i.e., considerable unformed feces. 

4 = — Severe diarrhea, i.e., large amounts of watery feces. 

On the 20 per cent lactose diet, the difference in the incidence of diarrhea 
betAveen the two groups was not great, and in no case was it severe. How¬ 
ever, diarrhea cleared up entirely after 4 days in the group which previously 
had been fed the 10 per cent lactose diet, and it continued beyond this 
period in four of the eight rats in the other group. The small difference 
lin grams of food required for a gram gain between the two groups was not 
statistically significant when the data were treated by Student’s “t” test 
for paired differences (P > 0.2). The lactose intake for the rats previously 
on the 10 per cent lactose diet was 19.4 g. per kg. per day, whereas it "was 
18.8 g. per kg. per day for the qther group. Both of these figures for laetose 
intake fall between the values where diarrhea was absent and where it first 
occurred during the first week, as shown in table 2. 

On the 30 per cent lactose diet diarrhea was much more prevalent and 
much more seA'ere in the group transferred from the basal diet. The lactose 
intake was 28.5 g. per kg. per day in the group in whieh lactose intake had 
been increased gradually, and 31.4 g. per kg. per day in the group trans- 
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ferred from the basal diet. These values fall in the range that produces 
severe diarrhea during the first week, as shown in table 2. As a matter of 
fact, all figures for lactose intake higher than 30 per cent fall within the 
range that produces severe diarrhea during the first week on lactose diets. 
The difference in grams of feed required to produce a gram gain in weight 
between the two groups on 30 per cent lactose diet is not significant (P 
> 0.4). The difference in occurrence and severity of diarrhea between the 
two groups on the diet containing 40 per cent lactose is very striking, but 
here again the difference between the grams of feed required to produce a 
gram gain in weight is not statistically significant (P > 0.1). 

Diarrhea was much more prevalent and more severe in the group trans¬ 
ferred from basal diet to the diet containing 50 per cent lactose than it was 
in the group in which lactose intake had been increased gradually. One 
rat which was transferred from the basal diet to the diet containing 50 per 
cent lactose gained nothing and another lost 1 g. over the 7-day period. 
All eight rats previously fed diets containing lactose gained during this 
period. 

Six of the eight rats just placed on the diet containing 60 per cent lactose 
lost weight, and three of the eight for which lactose intake had been increased 
also lost weight. Here again diarrhea was less severe in the rats which 
previously had been fed lactose. 

These results confirm the observation that the ability of the rat to 
utilize diets containing lactose without suffering from diarrhea increases 
with length of time on such diets. In the present experiment, such variables 
as age and weight of the animals being compared have been eliminated. 
However, these differences in the incidence and severity of diarrhea were 
not in every case associated with significant differences in utilization of the 
total diet as measured by grams of food required to produce a 1-g. gain, al¬ 
though all average numerical values for food utilization favor rats previously 
on lactose diets. 

Certain individual .variations among the rats with regard to incidence 
and severity of diarrhea are apparent from figure 1 and cannot be explained 
on the basis of food intake for the period. Bat no. 37, of the group in 
which lactose intake gradually had been increased, ate 75 g. of 50 per cent 
lactose diet (37.5 g. lactose) during the week and exhibited diarrhea on 5 
of the 6 days on which observations were made. On the other hand, rat 
no. 7 of this same group never had diarrhea even though it ate 80 g. of diet 
(40 g. lactose) during the same period. 

Influence of lactose linkage on utilization. This experiment was carried 
out to determine if the lactose linkage was responsible for any of the physio¬ 
logical dis turbances associated with lactose feeding. Each of the following 
diets was fed to a group of eight young male rats: (a) 15 per cent lactose, 
(b) 7.5 per cent galactose plus 7.5 per cent glucose, (c) 30 per cent lactose, 
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(d) 15 per cent galactose plus 15 per cent glucose, (e) 50 per cent lactose, 
and (f) 25 per cent galactose plus 25 per cent glucose. These levels of 
lactose and the corresponding levels of the mixture of equal parts galactose 
and glucose were chosen because when 15 per cent lactose was fed, no symp¬ 
toms were found to occur. With 30 per cent lactose, the symptoms were 
transitory, and with 50 per cent lactose, symptoms were persistent and more 
severe. 

The results of the 12-week growth test are shown in table 5. No symp- 


TABLE 5 

Summarised data comparing lactose with glucose and galactose mixture 


Diet 

No. of 
rats 

Av. 

initial 

weight 

Av. 

weight 
at end 
of 12 
weeks 

Av. 

total 

gain 

Av. 

food 

consump¬ 

tion 

Teed 
required 
for 1-g. 
gain 

Symp¬ 

toms 



(<?•) 

1 (S-) 

(,&.) 

(e-) 

0 9 •) 

mm 

7.5% glucose + 
7.5% galactose 


55 

B9 

275 

1197 

1 

4.35 

1 

15% lactose. 


53 

n 

279 

1198 

4.29 


15% glucose + 
15% galactose ... 


52 

313 

261 

1346 

5.16 

None 

30% lactose . 


51 

292 

241 

1032 

4.28 

• 

25% glucose + 
25% galactose 


57 

288 

231 

1305 

5.65 

None 

50% lactose . . . 


53 

219 

166 

! 

802 

4.83 

t 


* Severe diarrhea first and second week, some diarrhea third week, none thereafter, 
t Severe diarrhea first and second week, moderate diarrhea third and fourth week, 
some diarrhea fifth week. 


toms of intestinal disturbances occurred in the rats receiving the mixture 
of galactose and glucose at any of the three levels, whereas the rats receiv¬ 
ing lactose reacted in the usual manner previously described in this report. 
One rat on the diet containing 25 per cent galactose plus 25 per cent glucose 
developed a mature cataract by the end of the 12-week test. 

There was no difference in rate of growth, total gain, or food utilization, 
between the rats on the 15 per cent lactose diet and those on the diet con¬ 
taining 7.5 per cent glucose plus 7.5 per cent galactose. The rats on the 
30 per cent lactose diet grew more slowly early in the test period and'gained 
slightly less than those on the diet containing 15 per cent glucose plus 15 
per cent galactose. However, food utilization was more efficient on the 
30 per cent lactose diet than on the 15 per cent glucose plus 15 per cent 
galactose diet. Growth was considerably less on the 50 per cent lactose diet 
than on the 25 per cent glucose plus 25 per cent galactose diet, but food 
utilization was more efficient on the 50 per cent lactose diet. 

Growth curves drawn from the average weights of each group are shown 
in figure 2. These growth curves are included since the growth curves for 
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the lactose rats are typical for rats on these diets and they demonstrate the 
retarded rate of growth on diets containing large amounts of lactose during 
the early part of the test period. In the previous experiment an average 
g ain of 10 g. per rat was obtained during the first week on the 50 per cent 
lactose diet, whereas in the present experiment there was an average loss 
of 1 g. 

These results indicate that the inability of the rat to hydrolyze large 
amounts of lactose is responsible for the diarrhea and related symptoms 
of distended abdomens and slower rate of growth associated with high levels 
of lactose in the diet. 



Fig. 2 . Growth curves of rats fed diets containing lactose and equivalent amounts 
of glucose and galactose. 

(1) — 7.5% glucose plus 7.5% galactose. 

(2) — 15% lactose. 

(3) — 15% glucose plus 15% galactose. 

(4) — 30% lactose. 

(5) — 25% glucose plus 25% galactose. 

( 6 ) — 50% lactose. 


Lactose in natural milk products . Dried cheese whey was incorporated 
as a source of lactose in the basal diet, adjustments being made for the 
amount of protein and minerals present in the whey and covering the same 
range reported for USP lactose. Results with dried whey were comparable 
to those with lactose at each level both with regard to rate of growth, food 
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utilization, and typical symptoms on the moderate and high levels of lactose 
as shown in tables 1 and 2. 

When nonfat dry milk solids supplemented with a daily dose of 0.1 ml. 
USP cod-liver oil and iron, copper, and manganese were fed as the sole 
article of diet to young growing rats, their response followed the usual 
pattern obtained on high lactose diets. The particular lot of nonfat dry 
milk solids fed contained 54.6 per cent lactose. 

When dried whole milk containing 27.5 per cent fat and 37.5 per cent 
lactose was supplemented as for nonfat dry milk solids and fed as the sole 
article of diet, rate of growth was rapid and the animals had only a slight 
degree of diarrhea during the first 2 or 3 days on the diet. Lactose intake 
was approximately 34.3 g. per kg. per day during the first week of the test, 
and approximately 33.2 g. per kg. per day during the second week. On the 
low-fat diet, such a large intake of lactose would have produced severe 
symptoms during this period. It is unlikely that fat affects lactose hy¬ 
drolysis per se, but the effect of fat on lactose and its relation to diarrhea 
should be investigated further. 


DISCUSSION 

Mitchell (11) has reported that growth of rats was poor on diets con¬ 
taining 60 per cent or 45 per cent of lactose, but that it was practically 
normal on diets containing 30 per cent of lactose or less. She used a diet 
containing 18 per cent fat and lactose at levels of 5, 15, 30, 45, and 60 per 
cent. The authors have found that rats weigh as much at the end of 12 
weeks on a 30 per cent lactose diet as they do on the basal diet containing 
cornstarch, but they grow more slowly early in the test. Judging from re¬ 
sults on dried whole milk which contains 27.5 per cent fat, the higher per¬ 
centage of fat in Mitchell’s diet may have resulted in either lower lactose 
intake or better utilization of the ingested lactose than was the case on the 
diet used in these experiments, which contained only 5 per cent fat. 

Results indicate that through continued daily intake, the rat can in¬ 
crease its capacity to utilize lactose without suffering from diarrhea. 
Nevertheless, there appears to be a limit to the amount of lactose the rat 
can utilize efficiently as a source of carbohydrate; there appear*to be 
individual as well as strain differences in this respect. In addition to con¬ 
tinued intestinal disturbances at the higher levels of lactose intake, de¬ 
velopment of cataract has been described by Mitchell and Dodge (12). 
Whittier et al. (15) have observed that rats have diarrhea on diets contain¬ 
ing 45 per cent or 63.5 per cent lactose and 7.5 per cent fat for a period of 
3 weeks, but that they then recover and make good gains. The present 
authors have found that diarrhea persists on diets containing 5 per cent fat 
and 40 per cent and 50 per cent lactose, although.it was intermittent and 
less severe during the latter part of the 12-week test period. 
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Mitchell et al. (9) have pointed out the impairment in the digestion of 
organic nutrients by lactose. Present results indicate that the lactose 
linkage is a primary factor in producing any ill effects from lactose feeding 
within the ranges reported herein and in the type of diet used. 

It has been shown by Schantz et al. (13), Geyer et al. (8), and Zialcita 
and Mitchell (16) that galactose is excreted in the urine of rats fed either 
galactose or lactose. This failure fully to utilize galactose at the higher 
levels probably accounts for the slower rate of growth and the larger amount 
of food required for a gram of gain in weight as the amount of galactose is 
increased from 7.5 to 25 per cent of the total ration. However, the pro¬ 
nounced difference in growth between a mixture of galactose and glucose 
and an equivalent amount of lactose at the 30 per cent and 50 per cent 
levels indicates that failure to hydrolyze the lactose linkage exerts a 
greater influence than the loss of galactose. 

Ershoff (6) fed mixtures of galactose and glucose or lactose to rats 
as the sole article of diet. On lactose the rats survived an average of 6.9 
days, whereas they survived an average of 31.2 days on a mixture of 50 
per cent glucose and 50 per cent galactose. He concluded that the rats were 
not able to hydrolyze lactose in adequate amounts. The authors’ results 
indicate that such is the case even when large amounts of lactose are ingested 
as part of a relatively adequate diet. 

CONCLUSIONS 

1. When purified low-fat diets containing 5, 10, and 15 per cent lactose 
were fed to young growing rats, growth and food utilization were normal 
and no symptoms attributable to lactose were observed. 

2. When the diet contained 20, 25, and 30 per cent lactose, transitory 
symptoms of lactose feeding (diarrhea and/or “pot bellies’’) appeared. 
However, growth and food utilization were almost the same as on a basal 
ration containing no lactose. 

3. When the lactose content of the diet was increased to 40 and 50 per 
cent lactose, growth was less; at the 50 per cent level, food utilization was 
less efficient. Symptoms of lactose feeding were more severe and persistent. 

4. The capacity of the rat to utilize lactose without suffering from 
diarrhea can be increased through a continued daily intake of rations con¬ 
taining lactose. 

5. By feeding rations containing a mixture of equal parts of glucose 
and galactose at levels equivalent to 15, 30, and 50 per cent lactose, it was 
found that the lactose linkage was responsible for symptoms of lactose 
feeding observed on rations containing higher percentages of lactose. 

6. At the 30 per cent level, growth was slightly less, and at the 50 per 
cent level, growth was considerably less on lactose than on the mixture of 
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equal parts of glucose and galactose. However, at both levels, food utiliza¬ 
tion was much more efficient on the lactose diets. 

7. In planning nutrition studies wherein lactose is a component of the 
ration, account must be taken of the limits within which the rat can utilize 
this sugar adequately as well as the other ingredients of the diet which may 
influence lactose intake and utilization. 
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A COMPARISON OP TOTAL MILK AND PAT PRODUCTION AND 
PER CENT PAT OP A 26- AND 24-HOUR TEST DAY 1 ’ 4,8 


T. H. BLOSSER and VEARL R. SMITH 
Department of Dairy Husbandry, University of Wisconsin, Madison 

All dairymen know that cows produce more milk after a long than a 
short interval. In the standard-type Dairy Herd Improvement Association, 
a night milking of one day and the morning milking of the successive day 
are weighed and tested for fat once a month. The lactation production of 
a cow is computed from these monthly milk weights and fat tests. If the 
milking schedule is altered, intentionally or unintentionally, at the morning 
milking preceding the first weighing and sampling or the final milking of the 
test period, or both, the milk and fat production will be affected. 

A questionnaire prepared by the authors was sent to D.H.I.A. super¬ 
visors in Wisconsin. Twenty-nine questionnaires were answered. Nine of 
the supervisors indicated that from 5 to 30 per cent of their members altered 
the milking schedule in anticipation of the arrival of the supervisor, so that 
the test day was lengthened from 0.5 to 2 hours. Consequently, experiments 
were designed to determine the difference in milk and fat production of cows 
milked at two 13-hour and two 12-hour intervals to provide a 26- and a 24- 
hour test day. 

EXPERIMENTAL PROCEDURE 

Experiment I. Pour Holstein-Friesian cows were selected for the study 
to form two pairs with comparable levels of production. The experiment 
consisted of a one-day preliminary period and 4 test days, with a transition 
period of one day between test days. One-half of the udder was milked 
at 13-hour intervals and the other half at 12-hour intervals on each day. 
The halves of the udder were alternated between the two milking intervals 
from one test day to the next in order to form an experiment of double 
switchback design. In this experiment one-half of the udder served as a 
control for the other half. Ludwick et al. (2) used a similar design in com¬ 
paring production of 2- and 3-times-a-day milking. Table 1 illustrates the 
milking schedule. Ten I.U.’s of oxytocin were injected intravenously im¬ 
mediately before each milking to insure a complete “let-down” of milk at 

Received for publication August 25, 1947. 

* These data were taken from a thesis presented to the Graduate School of the Uni¬ 
versity of Wisconsin by T. H. Blosser in partial fulfillment of the requirements for the 
degree of Master of Science. 

« The especially designed milking machine used in these studies was made available 
through the courtesy of the Ben H. Anderson Mfg. Co., Madison, Wis. 

* Published with the approval of the Director of the Wisconsin Agricultural Experi¬ 
ment Station. 
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each milking . A milking machine designed to milk each quarter into a 
separate container -was used. 

Experiment II. Two groups of cows representing four breeds, with 11 
cows in each group, were used in this experiment. The cows is these groups 
were paired with regard to level of production, breed, and stage of lactation. 
Experiment II differed from experiment I in that one group of cows served 
as controls for the other group, and the entire udder was milked at each 
milking. The experiments were alike in that a double switchback design 
was used in both. The milking schedule for experiment II may be had by 
substituting group 1 for “left half of udder" and group 2 for “right half 
of udder” in the respective columns of table 1. 


TABLE 1 


Milking schedule for experiment l 


Left half of udder 


Bight half of udder 


Time of 
milking 

Interval 
between 
i milkings 

Length of 
test day 

No. of 
test day 

Time of 
milking 

Interval 

between 

milkings 

Length of 
test day 

No. of 
test day 


(Ar.) 

(hr.) 


a.m. 5 : 30 

(hr.) 

(hr.) 


a.m. 5: 30 







p.m. 5: 30 




p.m. 5: 30 




a.m. 5: 30 




a.m. 4 : 30 




) 

12 



) 

13 



p.m. 5: 30 




p.m. 5: 30 




) 

12 



) 

13 



a.m. 5: 30 


24 

I 

a.m. 6: 30 


26 

I 

p.m. 5: 30 




p.m. 6 : 30 




a.m. 4: 30 




a.m. 5: 30 




) 

13 



) 

12 



p.m. 5 : 30 




p.m. 5 : 30 

12 



) 

13 



) 



a.m. 6 : 30 


26 

. II 

a.m. 5 : 30 


24 

II 

p.m. 5 : 30 




p.m. 5: 30 




a.m. 5 : 30 




a.m. 4 : 30 




) 

12 



) 

13 



p.m. 5 : 30 




p.m. 5 : 30 




) 

12 



) 

13 



a.m. 5 : 30 


24 

III 

a.m. 6 : 30 


26 

III 

p.m. 5: 30 




p.m. 5: 30 




a.m. 4: 30 




a.m. 5: 30 




) 

13 



> 

12 

% 


p.m. 5: 30 




p.m. 5: 30 




) 

13 



) 

12 


IV 

a.m. 6: 30 


26 

iv 

a.m. 5 : 30 


24 


In both experiments, the night milking of one day and the morning milk¬ 
ing of the consecutive day constituted a test day. The milk produced at 
each milkin g was weighed and a sample was taken for fat analysis. Fat 
analyses were made on each milking by the Babcock method. The data 
of these experiments were statistically analyzed by the method developed by 
Brandt (1) for reversal or switchback trials. 
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TABLE 3 

Average test-day production of milk , fat , and per cent fat of one-half of the udder for 
all experimental periods of experiment 1 



Milk 

Fat 

Fat 


(»•> 

in.) 

(%) 

26-hr. test day 

27.2 

0.98 

3.59 

24-hr. test day .... 

25.3 

0.97 

3.83 

Difference ... 

1.9 

0.01 

-0.24 

% increase 

7.50 

1.03 

-6.26 


RESULTS 

The results of Experiment I are presented in table 2 and summarized in 
table 3. With but four exceptions in 32 comparisons, the half of the udder 
milked at 13-hour intervals to provide 26-hour test days produced more than 
the same half of the udder milked at 12-hour intervals for 24-hour test days. 
It is noted in table 3 that 7.5 per cent more milk was produced in a 26- than 
in a 24-hour test day. On statistical analysis this increase in milk pro¬ 
duction proved to be highly significant. 

There was no consistent trend in total fat production. Greater fat pro¬ 
duction resulted in 16 out of 32 comparisons for the 26-hour test days, 14 
out of 32 for the 24-hour test days, and in two comparisons the production 
was equal. Differences in fat production for the 26- and 24-hour test days 
were not statistically significant. 

The results of Experiment II are presented in table 4 and summarized in 
table 5. Milk production was greater for the 26-hour test days in 79 of the 
88 comparisons. Statistical analysis showed this increase in production, 
8.5 per cent, to be highly significant. 

The per cent fat was higher for the 24-hour test days in 63 of 88 com¬ 
parisons. The difference was found to be statistically significant. 

Total fat production was quite variable. More fat was produced in the 
26-hour test days in only 48 of the 88 comparisons. The differences in fat 
production was not statistically significant. 

DISCUSSION 

Both experiments of this study used a double switchback design. How¬ 
ever, in the first experiment one-half of the udder was used as a control for 

TABLE 5 


Average test-day production of milk , fat , and per cent fat of all cows for all experimental 

periods of experiment II 



Milk 

Pat 

Fat 



(lb.) 

<%) 

26-hr. test day. 


1.28 

4.20 

24-hr. test day . 


1.25 

4.44 

Difference . 


0.03 

-0.24 

% increase. 

I 8 * 47 

2.40 

-5.40 
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the other half, thus providing a within-a-cow control. In the second experi¬ 
ment one group of cows acted as controls for the other. The results obtained 
by these two methods of experimentation checked one another closely. 

SUMMARY AND CONCLUSIONS 

1. Differences in total milk production for a 26- and 24-hour test day 
are statistically significant, with a higher production of milk for the 26-hour 
test day. 

2. Differences in per cent fat for a 26- and 24-hour test day are statis¬ 
tically significant, with a lower per cent of fat for the 26-hour test day. 

3. Differences in total fat production fop a 26- and 24-hour test day are 
not statistically significant. 

4. Dairymen enrolled in D.H.I.A. who anticipate a test day and alter 
their milking time in order to obtain longer intervals between milkings prob¬ 
ably will increase total milk production, decrease the per cent of fat of the 
milk, and not appreciably influence total fat production. 

The authors wish to express their thanks to Dr. J. E. Torrie and Mrs. 
Dorothy Brill for the statistical analyses of these data. 
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REPEATABILITY OP HEAT TOLERANCE OBSERVATIONS 


D. M. 8EATH and G. D. MILLERi 

Dairy Research Department, Louisiana Agricultural Experiment Station, Baton Rouge 

Interest in repeatability of observational data as it relates to heat toler¬ 
ance in dairy cattle is primarily two-fold. Data on repeatability furnish 
information as to which observations are the most reliable and furnish a 
method of determining the number of observations necessary to arrive at 
a reasonably accurate estimate of the relative ability of animals to with¬ 
stand heat. Also, as explained by Lush (1), a high percentage of the re¬ 
peatability between observations of the same animal is due to inheritance. 
Because of this relationship, an estimate of heritability often can be made 
by taking approximately two-thirds to four-fifths of the repeatability figure 
as that for heritability. Exceptions to this rule occur, however. 

In previous studies at this Station, the authors (2, 3, 4, 5) have reported 
observations on cows made immediately after entering the milking barns, at 
3:30 p.m. An analysis of the data thus secured permitted estimates to be 
made of heritability and repeatability of body temperature and respiration 
rates as characteristics for appraising the heat tolerance of Jersey and Hol¬ 
stein milking cows. The body temperature estimates for 1944 and 1945, 
based on data gathered on 8 warm days for each year, were 0.152 and 0.385 
for repeatability and 0.151 and 0.309 for heritability, respectively.* Thus, 
the heritable portion of the variance was only slightly less than that found 
for repeatability between records of the same cow after removing differences 
between herds and breeds. Respiration rates analyzed on this same basis 
gave repeatability figures of 0.42 and 0.48 for the 2 years and estimates of 
heritability of 0.76 and 0.84. In this case the estimates of heritability .ex¬ 
ceeded those for repeatability. This was explained as sampling error and 
was well within the normal fiducial limits at the 5 per cent level of prob¬ 
ability. 

The present study was undertaken primarily in order to determine 
whether heat tolerance observations as determined after cows enter the milk¬ 
ing barn were comparable to and as repeatable as observations taken on the 

Received tor publication .August 25, 1947. 

»Dairy husbandman and assistant in dairy husbandry, respectively. Acknowledg¬ 
ment is made to Cecil Branton, assistant dairy husbandman, for suggested changes made 
in the final manuscript. 

a The computations (S) of repeatability of single records of the same cow and 
heritability of single records of cows involved the segregation of specific sources of 
variance and use of the principles involved in intra-class correlations. The first is a 
measure of how well records of the same cow repeat themselves on various test periods 
and the second is a measure of what portion of the variance between single records of 
different cows is hereditary. 
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same cows while they were in the shade in the pasture and just prior to going 
to the mi l k i ng barn. A second portion of the study was concerned with 
determining how many observations were necessary in order to attain a high 
degree of accuracy in selecting cattle for a high tolerance to heat. 

EXPERIMENTAL PROCEDURE 

Twenty milking Holstein cows that also were utilized in a pasture graz¬ 
ing experiment (7) were used in this experiment. At 2:45 p.m. and just 
prior to going into the milking barn (at 3:30 p.m.), while cows were still in 
the shade, respiration counts from flank movements of each cow were made 
by two different workers. Whenever these counts differed by more than 2 
for 0.5-minute periods, a third count was made. Approximately 5 to 10 
minutes after the cows had entered the milking barn respiration rates again 
were determined by using the same procedure as was used while cows were 
in the pasture. Body temperatures of the cows were secured by inserting 
veterinary thermometers approximately 2.5 inches into the rectum. It re¬ 
quired about 30 minutes to complete observations in pasture and 40 minutes 
for those in the barn. Variation in the order of observing cows was made 
from day to day in order to equalize any influence causing changes from hour 
to hour. 

Data from observations made during 14 days were secured in the sum¬ 
mer of 1946 on selected days between July 17 and September 6. In general, 
only the clear warm days were used. Air temperatures at 2:45 p.m. for 
these days varied from 78 to 92° F. and averaged 88° F. Relative humidity 
varied from 44 to 82 per cent and averaged 60 per cent. 

* RESULTS 

Respiration — mean, values and ratings. Mean respiration rates (table 1) 
for the 14-day period that cows were under observation averaged 78.5 at 
2:45 while cows were in shade within pasture and 80.4 after cows entered 
the milking barn at 3:30 p.m. Observations made on 13 of the 20 cows 
averaged higher for observation within the barn. On the other hand, obser¬ 
vations made on the seven remaining cows averaged higher when made in the 
pasture. It would appear from these results that the walk from the^pasture 
shade into the milking bam tended to accelerate the respiration rates of the 
majority of the cows. This occurred even though a period of approximately 
5 to 10 minutes was allowed between the time that cows entered milking bam 
and the time that the first observations were made. To complete all obser¬ 
vations required approximately 40 minutes; thus the average time that a cow 
stayed in the bam prior to observation was around 25 minutes. The order 
of observing cows was changed from day to day, thus making it as nearly 
uniform as possible for all cows. 

Some small differences were noted among the relative ratings (table 1) 
based on pasture observations and those on bam observations. For example, 
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TABLE 1 


Comparative mean values and rank of respiration rates of 20 cows (taken in pasture and 

in barn during mid-afternoon) 


Cow 

14-day mean respiration rates 

Difference 

Relative rank 

no. 

At 2: 45 p.m. 
in pasture 

At 3: 30 p.m. 
in barn 

In pasture 

In bam 

1 

(per min .) 
67.7 

(per min.) 

69.1 

+ 1.4 

17 

17 

2 

64.0 

69.9 

+ 5.9 

19 

16 

3 

81.2 


-0.8 

9 

11 

4 

86.7 

94.4 

+ 7.7 

3 (tie) 

2 

5 

83.1 

79.9 

— 3.2 

7 

12 

11 

65.5 

65.9 


18 

19 

12 

77.5 

82.4 

+ 4.9 

12 

8 

13 

93.2 

86.7 

.-6.5 

2 

5 

14 

85.3 

82.4 

-2.9 

6 

9 

15 

99.4 

103.0 

+ 3.6 

1 

1 

21 

77.0 

79.6 

+ 2.6 

13 (tie) 

13 

22 

80.9 

85.6 

+ 4.7 

10 

6 

23 

77.0 

83.6 

+ 6.6 

13 (tie) 

7 

24 

86.7 

94.0 

+ 7.3 

3 (tie) 

3 

25 

54.6 

63.2 

+ 8.6 

20 

20 

31 

78.9 

80.6 

+ 1.7 

11 

10 

32 

75.2 

74.0 

-1.2 

15 

15 

34 

85.9 

91.8 

+ 5.9 

5 

4 

35 

68.4 

65.9 

-2.6 

16 

18 

36 

82.0 

76.1 

- 5.9 

8 

14 

Av. 

78.5 

80.4 

+ 1.9 




the ten cows rating highest on pasture observations include three cows not 
among the top ten when rated on barn observations. Likewise, the high ten 
from the barn observations include two cows not found among the high ten 
based on pasture observations. In spite of these differences, the ratings are 
much alike, with the same cow rating top (1st) and the same one bottom 
(20th) in both ratings. 

Respiration — repeatability . An analysis of the respiration data for re¬ 
peatability (table 2) (8) results in estimates for the 14 days studied. Only 
small differences in repeatability between the two observation periods were 


TABLE 2 

An analysis of variance for respiration observations taken in pasture and in barn 


Source of variance 

Degreos 

Mean squares 

Composition 
of mean 
square 

of freedom 

Pasture data 

Barn data 

Between cows. 

Within cows . 

19 

260 

1562.74 

171.95 

1565.00 

127.55 

E + cC 

E 


c = number of observations per cow, or 14. 

C = variance due to cow = (E + cC) - £ = 99.34 (for pasture data), 102.68 (for barn 
data). 

Bepeatability=j^g= 0.366 (for pasture data), 0.446 (for barn data). 
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found. The pasture observation data indicated a repeatability of 0.366, 
•while that from the barn was 0.446. The small difference found would tend 
to favor slightly observations made in the barn, as has been the routine pro¬ 
cedure in previously reported Louisiana experiments (2, 4, 5, 6). The re¬ 
peatability figures found in this experiment are in line with those of 0.42 
and 0.48 reported (2) for studies made of data gathered during the 8 warmer 
observation days for 1944 and 1945, respectively. It seems probable that the 
results in the present experiment would have yielded higher estimates of 
repeatability had data for only the 8 warmer days been included. 

Body temperature — repeatability. It has not proved practical to take 
rectal body temperatures of cows while they are in the pasture. To do so 
would necessitate haltering and tying animals; this would excite cows, thus 
tending to accelerate body heat production and increase respiration rate and 
body temperature. 

Body temperatures of the 20 experimental cows taken after the cows 
entered the milking barn averaged 103.4° F. for the 14-day period. Average 
repeatability, when computed as in table 2, was 0.288. This was in line with 
the values of 0.152 and 0.385 previously reported (2) for 1944 and 1945, 
respectively, when only the 8 warmer days were used. 

Number of observations needed. As explained by Lush (1), increasing 
the number of observations or records on an animal causes a gradual re¬ 
duction in the temporary variance and an increase in the proportion of the 
total variance, much of which is genetic, caused by permanent differences 
between animals. Recognition of this fact has caused a great increase in the 
use of lifetime records in the evaluation of milk and fat records in pedigrees. 
This same trend holds true for other measurements and observations used 
in appraising animals. However, there is a limit to the number of obser¬ 
vations it is practical to use. This is particularly true if the repeatability 
(r) between single records is relatively high. With n representing the num- 

TIT 

ber of observations, the formula of as presented by Lush (1) is 

the fraction showing how much one can trust a cow’s own'average as an index 
of her real ability. In this case it would mean the best estimate of her real 
ability to tolerate heat based on respiration rate and body temperature 
appraisals. 

In table 3 are shown various values of this fraction, which is labeled “per¬ 
manent differences between cows,” as determined for various numbers of 
records varying from 1 to. 10. In these computations the value of r was 
taken as averaging 0.4 for respiration and 0.25 for body temperature. 

As revealed in the table, there is a relatively large increase in the fraction 
representing permanent differences between cows when n, the number of 
observations, increased from 1 to 2, from 2 to 3, and from 4 to 5. For ex¬ 
ample, for respiration with n increasing from 1 to 2, the increase in per¬ 
manent differences is from 0.40 to 0.57, or a net gain of 0.17. These respec- 
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tive Rains for each one-unit increase in n are 0.09, 0.07,. 0.04, and 0.03 with a 
gain of 0.02 or less for each unit increase in n beyond values of 6. The same 
trend takes place for body temperature, with the fraction due to permanent 
differences increasing from 0.25, to 0.40, 0.50, 0.57, 0.62, and 0.67 for the re¬ 
spective values of n between 1 and 7. Each increment change beyond this 
point is 0.03 or less. 

It would appear from the size of these computed values that little gain in 
accuracy would result from taking more than six respiration or seven body 
temperature observations. Under such a program approximately 0.8 of the 
total variance found in respiration rates and 0.7 of that for body tempera¬ 
ture would be caused by permanent differences between cows. A high per- 


TABLE 3 

Relationship between number of observations and portion of variance due to permanent 

differences between cows 


No. of 
records 

For respiration 

For body temperature 

Portion of 
variance due to 
permanent dif- 
erences between 
cows* 

Gain from 
preceding 
value 

Portion of 
variance due to 
permanent dif- 
erences between 
cows* 

Gain from 
preceding 
value 

1 

0.40 


0.25 


2 

0.57 

0.17 

0.40 

0.15 

3 

0.66 

0.09 

0.50 

0.10 

4 

0.73 

0.07 

0.57 

0.07 

5 1 

0.77 

0.04 

0.62 

0.05 

6 

0.80 

0.03 

0.67 

0.05 

7 

0.82 

0.02 

0.70 

0.03 

8 

0.84 

0.02 

0.73 

0.03 

9 

0.86 

0.02 

0.75 

0.02 

10 

0.87 

0.01 

0.77 

0.02 


* 0.40 was used as average repeatability (r) for respiration and 0.25 for body tem¬ 
perature. Various values due to permanent differences between cows were computed for 


number of observations (n) from 1 to 10 using the fraction, > proposed by 

Lush (1) as the degree to which one can trust a cow ’b own record in selection, 
centage of these permanent differences would be caused by heritable factors, 
and any selection based on six or seven observations would be conducive to 
more accuracy and faster progress in developing cattle more highly tolerant 
to heat than where fewer than this number of observations are made. 

SUMMARY AND CONCLUSIONS 

Data gathered from observations made for 14 days on 20 milking Holstein 
cows were used in this study. Mean air temperatures at 2:45 p.m. during 
the experimental period averaged 88° F. and relative humidity 60 per cent. 
Respiration rates were determined on cows while they were in the shade 
within pasture and just prior to entering milking bam. Shortly after enter¬ 
ing wiHriwg bam both respiration rates and rectal body temperatures were 
determined. 
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Results of this study show the following: 

1. The 14-day mean respiration rates for cows while in pasture averaged 
78.5 times per minute and increased to an average of 80.4 times per minute 
for counts made in barn. Thirteen of the 20 cows had higher average rates 
after entering the barn, while seven had higher average rates while in 
pasture. 

2. Relative ranking of the ten highest cows on the basis of pasture obser¬ 
vations included seven also ranking highest when barn observations were 
used. The highest (1st) and lowest (20th) ranking cows were the same in 
both cases. 

8. .Computation of the repeatability of a single respiration record of the 
same cow resulted in 0.366 for pasture observations and 0.446 for barn obser¬ 
vations. 

4. Repeatability for body temperature observations made in the bam was 
0.288. The mean body temperature for the 20 Holstein cows during the 
14-day period was 103.4° F. 

5. Computations are presented which show how the use of several obser¬ 
vations increases the variance due to permanent differences between cows, 
much of which is genetic. With six respiration records this portion of the 
variance increased from an average of 0.4 to 0.8, and with seven body tem¬ 
perature observations the increase was from the average of 0.25 to 0.7. 

It is concluded that respiration observations taken in the barn are as 
reliable as and perhaps slightly more reliable than those taken in the pasture. 
The use of averages for observations plus those for body temperature made 
on approximately 6 or 7 relatively warm days should result in measure¬ 
ments that are relatively accurate for use in selecting cattle for a high degree 
of tolerance to heat. 
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A STUDY OP PROCEDURES USED IN CONDUCTING THE 
BABCOCK TEST IN THE VARIOUS STATES 


B. HEINEMANN.i E. 0. HEBBEID,2 D. V. JOSEPHSON,* C. W. ENGLAND,® 

and W. D. SWOPE® 

This study was undertaken because it had been reported to the Committee 
on Testing Milk and Cream of the American Dairy Science Association that 
sampling and testing methods as expressed in the various state regulations 
were not uniform. This lack of uniformity frequently has resulted in mis¬ 
understanding concerning the readings of the Babcock test in verifying the 
fat content of shipments of milk and cream from one state to another. At 
the annual meeting of the American Dairy Science Association in 1946, a 
Subcommittee was appointed to study this problem. The results are re¬ 
ported in this paper. 

PROCEDURE 

A form was prepared by members of- the Subcommittee and the Com¬ 
mittee on Testing Milk and Cream. This form included each technic in 
sampling and testing which might have a bearing on the accuracy of the 
Babcock test. To obtain the desired information, each state department of 
agriculture, board of health, or other responsible regulatory agency was 
requested to forward a copy of the laws and regulations pertaining to the 
sampling and testing of milk by the Babcock method or other approved 
methods. In some instances, where state laws were very incomplete, re¬ 
course was made to experiment station bulletins which were forwarded by 
the state regulatory agency concerned. In these instances, it generally is 
the practice of the agency to follow the experiment station recommendations, 
which thus have the same effect as a state regulation. After the data were 
compiled, a copy was returned to the proper state agency for verification. 
The final revision is correct, as nearly as possible, as of June 15,1947. 

SUMMARY Of REQUIREMENTS OF ALL STATES RELATING TO THE BABCOCK TESTING 

OF WHOLE MILK 

I. Procedure Specified by Law 

A. No specifications: Alabama (1) 

B. Specify Babcock test: (36) 

C. Specify Babcock or other method: Ark., Calif., Fla., Ill., Mass., Miss., 

N.J., N.Y., Okla., Utah, Va. (11) 

Beceived for publication September 2,1947. 

l. s Chairman and members, respectively, of Subcommittee to Study Technics Used in 
Conducting thfc Babcock Test, Manufacturing Section, AD8A. 

®«® Chairman and member, respectively, of Committee on Testing Milk and Cream, 
Manufacturing Section, ADSA. 
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II. Weighing and Sampling Milk at Receiving Room 

A. Weigh can requirements 

1. No specifications: (27) 

2. Mechanical stirrers: Calif., Maine (2) 

3. Strainer: Conn., Del., Ind., Ky., N.C., R.I., Texas, Vt. (8) 

4. No strainers, partitions or divisions: Md., N.J., Pa. (3) 

5. Sufficient agitation: N.H., N.Y. (2) 

6. Check test to verify efficient mixing: Minn., Ohio (2) 

7. Either mechanical agitator or stir each can: Wash. (1) 

8. Straight sided: W.Ya. (1) 

9. Must be approved: Mont., Oreg. (2) 

B. Mixing or stirring before sampling 

1. No specifications: (12) 

2. “Thoroughly mixed”: Ala., Ark., Colo., Ill., Maine, Md., Mass., 

Mich., Nebr., N.Y., N.C., Tenn., Wis. (13) 

3. Representative: Calif., Del., Kans., Mont., N.D. (5) 

4. Adequate: Conn. (1) 

5. Pour back and forth or stir: Iowa, Ky., Nev., Oreg. (4) 

6. Stir 30 sec.: Minn., Texas (2) 

7. Contents of weigh tank or container shall be agitated: N.J. (1) 

8. Butterfat to be uniformly distributed: La., Ohio (2) 

9. Stir thoroughly each container: Pa., Wash. (2) 

10. Vigorous stirring: S.C. (1) 

11. Advisable to stir can: W.Va. (1) 

12. In such manner as to secure fair and average samples: Ariz. (1) 

13. Immediately after dumping: Mo. (1) 

14. Poured through strainer: Ind., Vt. (2) 

C—l. Frozen milk procedure 

1. No specifications: (25) 

2. “Shall not be sampled”: Conn., Del., Ind., Ky., N.Y., N.C., 

R.I., Tenn., Wash. (9) 

3. Thawed slowly and thoroughly mixed: Colo., Ill., Maine, Md., 

Mass., Mich., Minn., N.H., N.J., Vt., Va., W.Va. (13) 

4. Should not be sampled unless special precautions are taken: 

Ohio, Pa. (2) 

C-2. Churned milk'procedure 

1. No specifications: (24) 

2. “Shall not be sampled”: Conn., Del., Ind., Ky., La., Maine, Md., 

Mass., Mich., Minn., N.H., N.J., N.Y., N.C., R.I., Tenn.,. 
Vt., Wash. (18) 

3. Warm gradually: Mo., Mont., Va., W;Va. (4) 

4. Should not be sampled unless special precautions are taken: 

Ohio, Pa. (2) 
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D. Sampler license required 

1. Required: Ark., Calif., Colo., Conn., Del., Ill., Kans., La., Md., 

Mich., Minn., Mo., Mont., N.J., N.Mex., N.Y., N.C., Ohio, Pa., 

R. I., Texas, Vt., Va., Wash., W.Va. (25) 

2. Not required: Ala., Ariz., Fla., Ga., Idaho, Ind., Iowa, Ky., 

Maine, Mass., Miss., Nebr., Nev., N.H., N.D., Okla., Oreg., 

S. C., S.D., Tenn., Utah, Wis., Wyo. (23) 

III. Care of Composite Samples 

A. Preservative used 

1. Not specified: (16) 

2. Suitable: Ariz., Ark., Ky., Mass., Oreg., R.I., Texas (7) 

3. Solid not to exceed 1% by wt.; liquid not to exceed 2 drops 

fl. oz.: Calif. (1) 

,4. 1 part per 1000 formaldehyde or 1 mercuric chloride tablet: 
Colo. (1) 

5. Approved: Conn., N.J., N.C. (3) 

6. Mercuric chloride: Del., Ill., Ind., La., Maine, Md., Mo., Mont., 

N.H., Wash., W.Va. (11) 

7. Mercuric chloride, potassium dichromate, or formaldehyde: 

Mich., Minn., Ohio, Pa., S.C., Va. (6) 

8. 0.3 g. mercuric chloride or equivalent: N.Y., Wis. (2) 

9. 0.5 g. mercuric chloride: Vt. (1) 

B. Maximum period of composite sampling 

1. Not specified: (20) 

2. 16 days: Ark., Del., Ky., La., Maine, Md., Mass., Minn., N.H., 

N.J., N.Y., Pa., R.I., Texas, Vt., Wash., W.Va. (17) 

3. 15 days: Ind., Oreg., Va. (3) 

4. 14 days: Mich., Mo., Mont. (3) 

5. 11 days: Conn., N.C. (2) 

6. 8 days; Calif. (1) 

7. Twice a month: Ohio (1) 

8. Weekly: Tenn. (1) 

C. Quantity of aliquot required 

1. Not specified: (32) 

2. Not less than 17 cc.: Conn., N.C. (2) 

3. 5 to 10 cc.: Kans. (1) 

4. At least 10 cc.: Ind., Ky., Minn., N.Y., R.I., Texas, Vt., Wash. 

( 8 ) 

5. Total of 75 cc. suggested : Ohio (1) 

6. 10 to 12 cc. satisfactory: W.Va., (1) 

7. 0.5 oz.: Ark. (1) 
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8. Sufficient for 4 tests: Md. (1) 

9. 1 oz.: Mont. (1) 

D. Size of sample bottle 

1. Not specified: (27) 

2. At least 2 oz.: Calif., Minn. (2) 

3. Not less than 4 oz.: Conn. (1) 

4. Not less than 8 oz.: Ark., Del., Ind., N.Y., Ohio, Tenn., Wash., 

Wis. (8) 

5. 8 or 16 oz.: Ky., La. (2) 

6. Preferably 8 oz.: Md., N.H., Vt. (3) 

7. 4 oz. or 8 oz.: Mass. (1) 

8. Sufficient for 3 Babcock tests: La., N.J. (2) 

9. 6 oz.: W.Va. (1) 

10. Sufficient for period: Mont. (1) 

E. Method for taking 

1. Not specified: (15) 

2. Representative or proportionate: Ala., Ariz., Calif., Colo., Del., 

Ill., Ind., Kans., Ky., Maine, Md., Mass., Mich., Minn., N.J., 
N.C., Pa., Tenn., Texas, Va., Wis. (21) 

3. With thief, pipette or similar sampler: Ark., Iowa, Ohio. Vt., 

W.Va. (5) 

4. From approved weigh can: Conn. (1) 

5. Automatic samplers must be approved: N.Y. (1) 

6. Milk thief or approved weigh tanks: R.I. (1) 

7. With dipper: La., Mont., N.H., Wash. (4) 

F. Mixing at time of addition of aliquot 

1. Not specified: (22) 

2. Gentle rotary motion: Calif., Conn., Del., Ind., Ky., Mass., N.H., 

N.J., N.Y., Ohio, R.I., Texas, Vt., Va., Wis. (15) 

3. Shaken to insure thorough mixing: Colo., Mich., Minn. (3) 

4. Rotary motion and invertance: La., Maine (2) 

5. Should not be rotated: Ill., Md. (2) 

6. Gently tipped: Wash., W.Va. (2) 

7. Mixed: Ark., Mont. (2) 

G. Storage conditions 

1. Not specified: (18) 

2. Cared for or preserved in such a manner to insure accurate test 

thereof: Ariz., Mass., W.Va. (3) 

3. 60° F. or below: Calif., Md. (2) 

4. 32-40° F.: Conn. (1) 

5. 40-50° F.: Del., Idaho, N.Y., Ohio, Wash. (5) 

6. Protected against high temp.: Ind., Minn., Oreg. (3) 
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7. Cool, clean, sanitary place: Ill., Elans., N.Mex., R.I., Texas (5) 

8. Cool, away from strong light: Ky., Maine, Mich., N.H., N.C., 

Vt. (6) 

9. Below 55° F.: N.J. (1) 

10. As cold as practicable—never above 70° F.: Wis. (1) 

11. Preferably refrigerated: Ark. (1) 

12. 35-55° F. : La. (1) 

13. Protected from extreme temp.: Mont. (1) 

H. Period held after testing 

1. Not specified: (12) 

2. 24 to 48 hours: Ark. (1) 

3. 5 days: Calif., Ill., Mass., R.I., Wis. (5) 

4. 10 days: Colo., Del., Mo., N.Y., Pa., Vt., Wash. (7) 

5. Until last sample has been added to succeeding composite: 

Conn., La., Mont., N.J. (4) 

6. 3 days: Idaho, Ky. (2) 

7. 2 days: Ariz., Iowa, Miss., Oreg. (4) 

8. 1 day: Kans., Mich., Minn., Nev., Texas (5) 

9. 7 days: Ind., Maine, Md., N.C. (4) 

10. 4 days: N.H., Tenn. (2) 

11. “Period of time specified by Law”: Ohio (1) 

12. 12 days: W.Va. (1) 

IV. Preparing Fresh Samples for Testing 

A. Tempering 

1. Not specified: (33) 

2. In water bath: Colo., N.Y. (2) 

3. Mix thoroughly: Conn. (1) 

4. Adjust to 60-65° F.: Del. (1) 

5. Adjust to 59-68° F.: Maine, Mo., Utah (3) 

6. Adjust to 55-65° F.: Md. (1) 

7. Warm to about 70° F.: Mass., Texas, Vt. (3) 

8. Water bath for 50 minutes at 60-70° F.: S.D., Wash. (2) 

9. Heat to 68-70° F.: La., Mont. (2) 

B. Temperature at time of sampling 

1. Not specified: (27) 

2. 65-75° F.: Colo. (1) 

3. 60-68° F.: Conn. (1) 

4. 60-65° F. : Del. (1) 

5. 55-70° F.: Ind., Mich. (2) 

6. 60-70° F.: Ky., Mont., N.J., Ohio, S.D., Wash. (6) 

7. 68° F.: La., Maine, Mo., Utah (4) 
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8. 55-65° F.: Md. (1) 

9. About 70° F.: Mass., Texas, Vt.' (3) s 

10. 56-68° F.: Minn. (1) 

11. 60-100° F. (prefer 60-70° F.): N.Y. (1) 

0. Amount of sample 

1. Not specified: (29) 

2. 17.6 cc.—blow last drop: Colo., Conn., Del., Ind., Ky., La., 

Maine, Md., Mass., Mo., N.J., N.Y., Ohio, S.D., Texas, Utah, 
Vt., Wash.. (18) 

3. 17.5 cc.: Mont. (1) 

V. Preparing Composite Samples for Testing 

A. Tempering 

1. Not specified: (18) 

2. Not to exceed 90° F.: Ark. (1) 

3. Not to exceed 95° F.: Calif., Wis. (2) 

4. Gradually heated to 100° F.: Colo., Del., Ind., Maine, Mich., 

Minn., N.H., Pa., R.I., S.D., Vt., Wash. (12) 

5. 95-105° F. at risk of tester: Conn. (1) 

6. 80-min. bath at 90° F.: Kans. (1) 

7. 95-100° F.: Md., N.J., N.Y. (3) 

8. Not to exceed 100° F.: Mass. (1) 

9. Heat to 110° F.: N.C., Tenn., Va. (3) 

10. No higher than 104° F.: Ohio (1) 

11. 85-110° F.: W.Va. (1) 

12. Room temperature: Ill. (1) 

13. Heated to 100° F.: La., Mo., Mont. (3) 

B. Temperature of bath 

1. Not specified: (22) 

2. 90° F.: Ark., Calif., Kans. (3) 

3. 122° F. : Conn. (1) 

4. 105° F.: Del., Ky., Mo., Ohio (4) 

5. Hot water: Colo., Ind., Tenn. (3) * 

6. 110° F.: Md., Nebr., S.D., Texas, Vt., Va., Wash. (7) 

7. 100° F.: La., Minn., Mont., N.H., Pa. (5) 

8. 120° F.: N.Y. (1) 

9. 85-110° F.: W.Va. (1) 

10. 100-110° F.: N.J. (1) 

C. Mixing or stirring before pipetting 

1. Not specified: (17) 

2. Lumps thoroughly dissolved: Am. (1) 

3. Pour back and forth: Ark., Conn., Del., Iowa, Kans., Ky., Maine, 
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Md., Mich., Minn., Mont., N.J., N.Y., Ohio, Pa., S.D., Wash., 
Wis. (18) 

4. By stirring or pouring back and forth: lnd., Tenn. (2) 

5. Gentle rotary motion: Mass., Mo. (2) 

6. Mix: N.C., R.I. (2) 

7. Do not shake vigorously—“Use policeman”: Texas (1) 

8. Thoroughly mixed: Ill., La. (2) 

9. Use brush to loosen cream and pour 3 times: N.H., Vt. (2) 

10. Pour back and forth; use policeman: Calif. (1) 

D. Temperature at time of pipetting 

1. Not specified: (14) 

2. 50-70° P.: Ariz., N.C. (2) 

3. 70-95° C.: Calif. (1) 

4. 65-75° F.: Colo. (1) 

5. 60-68° F.: Conn. (1) 

6. 55-65° F.:Md. (1) 

7. 100° F.: Del., Ind., La. (3) 

8. 60-70° F.: Iowa, Mont., N.J., Ohio, Oreg., S.D., Wash. (7) 

9. 90° F.: Kans. (1) 

10. 60-100° F.: N.Y. (1) 

11. 68° F.: Maine, Minn., Mo. (3) 

12. About 70° F.: Ill., Mass., R.I., Vt., Wis. (5) 

13. 55-70° F.: Mich., Va. (2) 

14. 50-100° F.: Pa. (1) 

15. Not over 110° F.: Tenn. (1) 

16. Warm: Texas (1) 

17. 85-110° F.: W.Va. (1) 

18. 95-100° F.: Ky., N.H. (2) 

E. Amount of sample 

1. Not specified: (10) 

2. 18 g. or 17.6 cc.: Ark., Kans., Minn., Mont., Nebr., N.H., Oreg., 

Va., Wyo. (9) 

3. 17.6 cc.’s—blow last drop: Calif., Colo., Conn., Del., Ind., Iowa, 

Ky., Mass., Mich., Mo., Ohio, Pa., S.D., Texas, Wash. (15) 

4. 17.6 cc.’s: Ill., Nev., N.J., N.C., R.I., Tenn., Vt., Wis. (8) 

5. To deliver 17.5 ml. or T.C. 17.6 ml. at 68° F.: Maine, N.Y., 

W.Va. (3) 

6. 17.5 ml.—drain 5 sec.—blow last drop: Md. (1) 

7. 17.5 cc.’s: Ariz., La. (2) 

VI. Testing 

A. Tester license required 
1. Yes: (40) 
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2. Not specified: Ga., Maine, Okla., S.C., S.D., Utah, Wis., Wyo. 

( 8 ) 

B. Specific gravity of acid 

1. Not specified: (14) 

2. Proper strength: Ariz. (1) 

3. 1.8263 to 1.8263: Colo. (1) 

4. 1.82-1.83 at 68° F.: Ark., Conn., Ill., Md., Minn., Mo., Ohio, 

Texas, Utah (9) 

5. 1.82-1.83 at 60° F.: Del., Maine, Pa. (3) 

6. 1.82-1.83: Calif., Ind., Iowa, La., Mass., Mich., Mont., Nebr., 

N.H., N.C., Wis. (11) 

7. 1.82-1.83 at 59° F.: N.J., R.I., S.C., Tenn., Vt., Va. (6) 

8. 1.820-1.825 at 68° F.: N.Y. (1) 

9. 1.82:W.Va. (1) 

10. 1.825-1.830 at 60° F.: Wash. (1) 

C. Amount of acid 

1. Not specified: (11) 

2. About 17.5 cc.: Ark., La., Mo. (3) 

3. 17.5 cc.: Colo., Conn., Del., Ill., Ind., Iowa, Kans., Maine, Md., 

Mass., Mich., Minn., Mont., N.H., N.J., N.C., R.I., S.D., Tenn., 
Texas, Utah, Vt., Va., Wash., W.Va., Wis., Wyo. (27) 

4. Approximately 17.6 cc.: Nebr. (1) 

5. Variable to secure clear fat column: Ky., N.Y., Pa. (3) 

6. 15-17.5 cc.: Ohio (1) 

7. 17.0 cc.: S.C., Va. (2) 

D. Temperature of acid 

1. Not specified: (13) 

2. 70° F.: Calif., La., Mass., Nebr., N.H., R.I., Vt. (7) 

3. 65-75° F.: Colo. (1) 

4. 60-68° F.: Conn. (1) 

5. 60-65° F.: Del., Wis. (2) 

6. 55-70° F.: Ind., Mich., Va. (3) 

7. 60-70° F. : Iowa, Mont., N.Y., N.C., Ohio, S.D., Tenn?, Texas, 

Wash., W.Va., Wyo. (11) 

8. 59-68° F.: Maine, Mo., S.C., Utah (4) 

9. 55-65° F.: Md. (1) 

10. 65-68° F.: Minn. (1) 

11. 50-100° F.—(50-70° preferred): Pa. (1) 

12. 65-70° F.: Ark., Ill. (2) 

13. 68-72° F.: N.J. (1) 

E. Method of adding acid 

1. Not specified: (20) 
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2. Hold bottles at angle and rotate: Colo., Ind.-, Iowa, Md., Minn., 

Mont., N.H., N.C., S.D., Wash., W.Va. (11) 

3. Down neck of bottle—preferably not all at one time: Conn., Mo., 

N.J., Texas (4) 

4. Hold bottle at angle: Del., Ky., Maine, Mass., Nebr., N.Y., Ohio, 

Pa., S.C. (9) 

5. Rinse down milk—allow to stand 1-3 min. before cent.: Vt. (1) 

6. Small portions, washing curd from neck: Ill. (1) 

7. All at one time: La. (1) 

8. Add slowly: Mich. (1) 

F. Centrifuging procedure 

1. Not specified: (10) 

2. 5 min., 2 min., and 1 min.: Ariz., Conn., Del., Ind., La., Mich., 

Mont., Nebr., N.J., Ohio, S.D., Va., Wis. (13) 

3. 5 min.—place in water bath 5 min.—cent. 2 min., 1 min.: Ark., 

Kans. (2) 

4. 5 min., 2 min., and 1 min. at proper speed: Calif., Colo., Ill., 

Ky., Maine, Md., Minn., Mo., N.H., N.Y., N.C., Pa., R.I., S.C., 
Tenn., Texas, Utah, W.Va., Wyo. (19) 

5. 4 to 5 min.—1 min.: Iowa (1) 

6. 5 min.— mix thoroughly—2 min. to 1 min.: Mass., Vt. (2) 

7. 5 min. or more for 1st; 2 min. for 2nd; 1 min. or more for 3rd: 

Wash. (1) 

G. Speed centrifuge 

1. Not specified: (11) 

2. Standard: Ariz., Ark., Calif., Colo., Conn., Del., Ill., Ind., Iowa, 

Ky., La., Maine, Md., Mass., Mich., Minn., Mo., Mont., Nebr., 
N.H., N.J., N.Y., N.C., Ohio, Oreg., Pa., R.I., S.C., Tenn., 
Texas, Utah, Vt., Wash., W.Va., Wis. (35) 

3. 14"-900 RPM; 20"-750 RPM: Kans. (1) 

4. 12"-1000 RPM; 18"-800 RPM: Va. (1) 

5. Belt driven not permitted: W. Va. (1) 

H. Temperature of centrifuge 

1. Not specified: (26) 

2. 140-165° F.: Calif. (1) 

3. 131° P.: Conn., Minn., Mo., Ohio, S.C., Utah, W.Va. (7) 

4. Heated: Wis. (1) 

5. 120° F.:Ky. (1) 

6. 130-140° P.: Ark., Ill., Md., N.C., S.D., Wash. (6) 

7. Unheated if room is warm; heated if room is cold: Mich. (1) 

8. 135-150° F.:N.Y. (1) 

9. 140-150° F.: La. (1) 

10. About 140° P.: Del., N.H., Vt. (3) 
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I. Kind of water 

1. Not specified: (15) 

2. Soft: Ark., Colo., Conn., Del., Ind., Iowa, Ky., Maine, Md., 

Mass., Mich., Minn., Mo., N.H., N.J., N.Mex., N.Y., N.C., 
Ohio, Pa., R.I., S.C., S.D., Tenn., Texas, Utah, Vt., Va., Wash., 
W.Va., Wis., Wyo. (32) 

3. Tap water, preferably soft: La. (1) 

J. Temperature of water 

1. Not specified: (12) 

2. Hot: Ark., Iowa (2) 

3. 140-165° F.: Calif., Mich. (2) 

4. 180-212° F.: Colo., Kans., Nebr., N.Mex. (4) 

5. 140° F.: Conn., Del., Ill., Ind., Maine, Minn., Mo., Mont., N.J., 

N.C., Ohio, Pa., S.C., Texas, Utah, Wis., Wyo. (17) 

6. 135-200° F.: Ky., Tenn. (2) 

7. Above 160° F.: La., Mass., N.H., R.I., Yt. (5) 

8. 150° F. (200° F. if unheated tester is used): N.Y. (1) 

9. 140-150° F.: S.D., Wash. (2) 

10. Above 150° F.: W.Va. (1) 

K. Temperature of bath 

1. Not specified: (6) 

2. 130-140° F.: Ariz., Ark., Calif., Ill., Iowa, La., Mass., Minn., 

Mo., Mont., Nev., Oreg., Texas, Va., Wyo. (15). 

3. 130° F.: Colo. (1) 

4. 131-140° F.: Conn., Maine, S.C., Utah (4) 

5. 135-140° F.: Del., Ind., Ky., Md., Mich., N.H., N.J., N.Y., Ohio, 

R.I., Tenn., yt., Wash., Wis. (14) 

6. Not less than 135° F.: Idaho, Kans. (2) 

7. 125^-140° F.: Miss. (1) 

8. 120-135° F. (law), 135-140° F. (Circ.): Nebr. (1) 

9. 120° F.: N.Mex. (1) 

10. 135-145° F.: N.C. (1) 

11. 135-140° F. (law), 130-140° F. (Circ.): Pa. (1) 

12. 130-145° F.: W.Va. (1) 

L. Time in bath 

1. Not specified: (10) 

2. 5 min.: Ark., Colo., Del., Ind., Ky., La., Maine, Mass., Nebr., 

N.H., N.J., N.Y., Ohio, Pa., R.I., S.D., Tenn., Texas, Vt., Va., 
Wash., W.Va. (22) 

3. 10 min.: Ariz., Calif., Kans., Mont., N.Mex. (5) 

4. Not less than 3 min.: Conn., Md. (2) 

5. Several min.: Iowa (1) 
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6. 3 min. by law, 5 min. by ext. bul.: Mich. (1) 

7. 7-8 min.: Minn. (1) 

8. Until equilibrium has been reached: Ill., Mo., S.C., Utah (4) 

9. 20 min.: N.C. (1) 

10. 3 to 10 min.: Wis. (1) 

M. Method of reading 

1. Not specified: (11) 

2. Extreme bottom to extreme top: Ark., Calif., Colo., Conn., Del., 

Ind., Iowa, Kans., Ky., Mass., Mich., Minn., Mo., Mont., Nebr., 
N.H., N.J., N.Y., Ohio, Pa., R.I., S.C., S.D., Texas, Utah, Vt., 
Va., Wash., W.Va., Wis., Wyo. (31) 

3. Lowest to highest point (should not be read if fat column is 

outside graduation marks): Maine (1) 

4. Lower line of separation to top of fat column: Nev., N.C. (2) 

5. Dividers always should be used: Ill., La., Tenn. (3) 

N. Disposition of fractions 

1. Not specified: (36) 

2. To nearest 1/10 graduation: Ill., Ind., La., Maine, Md., Mont., 

N.J. (7) 

3. Do not record fractions: N.Y. (1) 

4. To nearest lower 1/10: Minn., Mo., W.Va. (3) 

5. To nearest higher 1/10: N.H. (1) 

VII. Glassware 

A. Specifications 

1. Not specified: (21) 

2. Standard specifications included: Calif., Conn., Ind., Ky., Md., 

Mass., Minn., Nebr., N.Y., N.D., Oreg., S.C., Texas, Wash. (14) 

3. Standard specifications but not included: Ariz., Del., Idaho, 

Kans., Mo., N.H., Ohio, Utah (8) 

4. 8 or 10% bottle: Ill., Mont., Vt., Va. (4) 

5. Gives details for calibrating: N.C. (1) 

B. Certified or retested 

1. Not specified: (21) 

2. Required: Ariz., Calif., Conn., Del., Idaho, Ind., Kans., Ky., 

Maine, Md., Mass., Mich., Minn., Nebr., N.H., N.J., N.Y., Oreg., 
Pa., R.I., Tenn., Vt., Va. (23) 

3. Sealed: La., Miss., N.Mex., Wash. (4) 

DISCUSSION 

The results of this survey indicate considerable variation in specifications 
for sampling -and testing technics in conducting the Babcock test. Technics 
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approved by some states are prohibited by others. In the opinion of the 
committee, some of the specifications are wrong; others are unnecessary. 
The fact that a number of specifications are omitted by the majority of the 
states is an indication of the lack of recognition of some of the important 
aspects of the Babcock test and of lack of uniformity in use of the test. 

CONCLUSIONS 

It is the recommendation of this committee that a standardized procedure 
in connection with weighing, sampling, and care of composite samples and 
the operation of the Babcock test be determined and approved by the Amer¬ 
ican Dairy Science Association. 



THE RESISTANCE OF MICROCOCCUS FREVDENREICHII IN 
LABORATORY HIGH-TEMPERATURE-SHORT-TIME PASTEUR¬ 
IZATION OF MILK AND ICE CREAM MIX 

MARVIN L. SPECK . 1 

National Dairy Research Laboratories, Inc., Baltimore, Maryland 

In the course of some preliminary laboratory experiments dealing with 
the high-temperature-short-time (HTST) pasteurization of ice cream mix, 
it was desirable to determine the times and temperatures required to insure 
the destruction of pathogenic bacteria in this product. Studies of this 
nature usually have been made using a non-pathogenie test organism having 
somewhat greater resistance to heat than the most heat-resistant pathogen. 
This procedure avoids certain hazards which are encountered when patho¬ 
gens are used, particularly in plant studies, and provides a margin of safety 
for the destruction of pathogens. 

Fuchs (3), during a study of the sterilization of milk utensils by heat and 
chlorine in 1932, isolated a particularly heat-resistant strain of Escher¬ 
ichia coli which was used as an index of satisfactory sterilization. This 
culture has since been used as a test organism by many investigators study¬ 
ing pasteurization processes and is identified as the U. S. Public Health 
Service strain of E. coli (no. 3 U). Myers and Sorensen (6) used this 
organism to determine the times and temperatures required to destroy the 
Escherichia and Aerobacter groups of organisms in ice cream mix. Frank 
et al. (2) also used this culture as the test organism in a study of the bac¬ 
tericidal treatment of milk cans in hot air cabinets. Holland and Dahlberg 
(5), in an investigation of the effect of time and temperature of pasteur¬ 
ization on certain properties and constituents of milk, and Hening and 
Dahlberg (4), in a similar study on cream, used this culture of E. coli as a 
test organism for proper pasteurization. 

It was planned to use the E. coli (no. 3 U) in the present investigation. 
However, a recent survey in this laboratory of transfers of this organism 
from various sources failed to reveal any strains which possessed the degree 
of heat resistance which was found in earlier studies. In attempts to find 
another organism which could be used as a test organism, a heat-resistant 
micrococcus was isolated and found to possess characteristics desirable for 
this study. 

EXPERIMENTAL PROCEDURE 

During an experiment dealing with the heat resistance of E. coli (no. 3 
U) in milk, small red colonies which were not typically coliform developed 

Received for publication September 2, 1047. 

* Present address: Department of Animal Industry, North Carolina State College, 
Raleigh. 
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on some of the desoxycholate lactose agar (BBL) plates after 48 hours at 
37° C. These colonies appeared on plates poured from samples of pasteur¬ 
ized millf which had been inoculated with E. coli (no. 3 U) and heated at 
140° F. for 50 minutes, but not on plates poured from the same milk heated 
at 140° F. for 55 minutes. Studies on a pure culture from a typical colony 
showed it to be a micrococcus which tentatively was identified as Micro¬ 
coccus freudenreichii (no. MS66). In 48 hours at 37° C. on desoxycholate 
lactose agar, colonies of this organism were pink to red in color and about 
1 mm. in diameter. Since the culture apparently had the resistance for¬ 
merly possessed by E. coli (no. 3 U) and since it could be grown on a selec¬ 
tive medium, its heat resistance and usefulness as a test organism in pasteur¬ 
ization methods were studied. 

Stock and test cultures of M. freudenreichii were carried on agar slants 
of a medium containing 1.0 g. of yeast extract (BBL), 0.5 g. of NZ case 
(Sheffield), 0.5 g. of glucose, 0.4 g. of K 2 HP0 4 , 0.1 g. of KH 2 P0 4 ,1.5 g. of 
agar, and 100 ml. of distilled water. Adjust to pH 7.0, if necessary, before 
sterilization at 15 lb. steam pressure for 20 minutes. 

Weekly transfers of the culture were prepared and incubated at 37° C. 
for 24 hours. These stock cultures were stored in the refrigerator from 1 
to 10 days, and during this storage period were used to inoculate test cul¬ 
tures. The test culture, grown on a slant of medium of the above com¬ 
position, was incubated at 37° C. for 24 hours and used immediately for a 
pasteurization test. More uniform resistance of the culture was obtained 
if the test cultures were prepared from a stock culture which had been re¬ 
frigerated at least 1 day and preferably not more than 10 days. 

The growth of the test culture was washed completely from the slant 
(5 ml. of medium slanted in a 16-mm. culture tube), suspended in 40 to 50 
ml. of sterile distilled water, shaken vigorously 100 times, and then filtered 
through sterile no. 12 folded Whatman filter paper. This suspension was 
kept at room temperature and used for the tests within 45 minutes after 
its preparation. This suspension in 0.05-ml. quantities was added to 5 ml. 
of sample and usually gave 1 to 2 million cells per milliliter of sample. 

Milk used in this study was pasteurized and contained 4.6 per cent 
butterfat. The ice cream mix was obtained by melting (at about 50° C.) 
vanilla ice cream as purchased in pint packages. The average composition 
of this mix was 12 per cent fat, 11 per cent milk solids-not-fat, 14 per cent 
sucrose, and 0.25 per cent stabilizer, with the reaction adjusted to pH 6.7. 

In order to avoid the variations which occur in the time for heating to 
the different temperatures, milk or ice cream mix first was tempered to the 
temperature under test and then inoculated. The method used was modeled 
somewhat after the one us£d by Fuchs (3), who eliminated heating-up times 
in his pasteurization studies by inoculating a tube of tempered milk with a 
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drop of test culture. In the present study, 5 ml. of milk- or mix was placed 
in a sterile 120 x 20 mm. screw-cap glass vial, and then a rubber diaphragm 
stopper inserted in the vial to replace the cap. All vials thus were practi¬ 
cally airtight. In the skirt of the stopper was placed a cotton plug which 
was kept in place until the tube was inoculated with the test culture. Then 
the material was tempered to the proper temperature, as shown by a test 
thermometer inserted through a rubber stopper and placed in a separate 
vial containing 5 ml. of the material under test. Heating was done in a 
thermostatically controlled water bath. The temperature of the material 
under test was controlled to about ± 0.25° F. Tubes were immersed in 
the bath to the shoulder of the tube, which made the water level about 3.5 
inches above the level of the material under test. Unheated controls 
usually were inoculated for each temperature, except in the HTST ex¬ 
periments, where the interval from one temperature to another was very 
short. Uninoculated controls also were run to determine if the uninoculated 
material had any interfering organisms present. 

When the material under test had been tempered properly, 0.05 ml. of 
the culture suspension was inoculated into it through the rubber stopper by 
means of a 1-ml. tuberculin syringe equipped with a 2-inch 20-gauge hypo¬ 
dermic needle. This permitted instantaneous inoculation and mixing of 
the test material with an accurate volume of the suspension, and the inoculum 
could be directed entirely into the test material with none going on the 
sides or top of the vial. The inoculum usually lowered the temperature of 
the test material 0.3 to 0.4° F. To compensate for this, the material under 
test was tempered 0.3 to 0.4° F. higher than the temperature under test. 
Where extensive holding was done at a given temperature, the bath was 
adjusted to hold at the temperature under test after inoculating a series of 
vials at intervals of 30 seconds. For short holding periods at high tempera¬ 
tures, no adjustment was made to lower the temperature of the bath since 
considerable time was required to equalize the temperature of the milk or ice 
cream mix with that of the surrounding bath. When the holding time was 
less than two minutes, the vials were shaken continuously during this 
period; for longer holding times they were shaken intermittently every 
1 to 2 minutes. At the end of the folding period, the vial was immersed 
immediately in ice water and shaken to cool the sample rapidly. Samples 
were refrigerated until pitted. 

The pasteurized samples usually were plated with 1 ml. of the sample 
and in duplicate using desoxycholate lactose agar as the plating medium. 
When less than 1 ml. of sample was plated there was some indication that 
the medium had an inhibitory effect on the heated cells of M. freudenreichii. 
When plating ice cream mix, an overlay of medium (3 to 5 ml.) was used 
to prevent spreading growth of any surviving bacteria of this type. The 
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plates were incubated at 37° C. for 2 days. An additional 24-hour in¬ 
cubation gave only an insignificant increase in count of the pasteurized 
samples. 

RESULTS AND DISCUSSION 

In table 1 the average times for 99.99 per cent destruction in milk at 
various temperatures are given for M. freudenreichii (no. MS66) and E. coli 
(no. 3U), the data for the latter being taken from the studies of Holland 
and Dahlberg (5) and Hening and Dahlberg (4). The data show that the 
two cultures had very similar degrees of heat resistance, although the meth¬ 
ods of pasteurization differed somewhat. In view of these results and the 

* TABLE 1 


The thermal death times (99,99 per cent destruction) at various tempt ratures of 
Escherichia coli (no. 3 U) and Micrococcus freudenreichii (no. MS66) in milk 



E. coli ( 

no. 3 U) 

Micrococcus 

Temperature 

Holland and 
Dahlberg (5) 

Hening and 
Dahlberg (4) 

freudenrdchii 
(no. MS66) 

(°F.) 

140 

50 min. 


55 min. 

145 

15 jnin.* 

20 min. 

17.5 min. 

150 

4 min. 

4 min. 

5 min. 

155 

1.5 min. 

1.5 min. 

1 min. 

160 

17.5 see. 

20 sec. 

15 sec. 

165 

7.5 sec. 

3 sec.* 

4 sec. 

170 

0 sec. 

2-3 see.* 

0 sec. 


* No data given for shorter holding times. 


ability of the culture to grow on a selective medium, M. frudenreichii ap¬ 
peared to be a desirable test organism to use in these studies since a culture 
of E. coli (no. 3 U) having satisfactory heat resistance was not available. 

The heat resistance of M. freudenreichii in ice cream mix and milk was 
determined, in most instances from a number of tests, as shown in table 2. 
Individual experiments at times gave thermal death times slightly above 
or below the averages shown. The thermal death times of the test culture 
in milk and ice cream mix also were plotted graphically, as shown in 
figure 1. The thermal death time of the test organism at a given tempera¬ 
ture was about two to four times longer in ice cream mix than in milk, the 
difference being greater at the lower temperatures and becoming smaller 
with an increase in temperature. 

It is reasonable to expect that the thermal death times found for M. 
freudenreichii in ice cream mix represent, at the least, the minimum times 
and temperatures which would eliminate pathogenic bacteria in this prod¬ 
uct. The problem of establishing the margin of safety which must be added 
for satisfactory IITST pasteurization can be solved by determining the 
times and temperatures which will give as effective pasteurization as that 
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TABLE 2 

The destruction of Micrococcus f reud( nreichii ( no. MS66) at various times and 
temperatures in milk and ice cream mix 


Temperature 


(OF.) 

140 


145 


150 


155 


160 


165 


170 


Time 

Milk 

Ice cream 

Destruction 

No. of 
tests 

Destruction 

(min.) 

(%> 


(%) 

~ 40 

# 

6 


45 

* 

6 


50 

99.42 

5 


55 

99.99 

6 


60 

99.99 

1 


65 

90.1*9 

1 


10 

99.93 

3 


12.5 

99.94 

1 


15 

99.98 

4 


17.5 

99.99 

1 


20 

99.99 

4 


2 

* 

3 


3 

99.96 

3 


4 

99.98 

4 


5 

99.99 

1 

* 

6 

09.09 

4 


10 



99.97 

12.5 



99.98 

15 



99.99 

17.5 



99.99 

20 



99.99 

0.5 

99.95 

5 


1.0 

99.99 

6 

99.97 

1.5 

99.99 

6 


2.0 



99.99 

3.0 



99.99 

4.0 



99.99 

(sec.) 




5 

* 

4 


10 

99.97 

4 

* 

12.5 

99.94 

1 


15 

99.99 

3 


20 

99.99 

o 

* 

30 



99.97 

45 



99.99 

60 



99.99 

1 

99.93 

2 


2 

99.95 

1 


2.5 



99.81 

3 

99.98 

2 


4 

99.99 

1 


5 

99.99 

2 

99.96 

7.5 

99.99 

2 

99.97 

10 


. 

99.97 

12.5 


. ... 

99.99 

15 



99.99 

20 



99.99 

0 

99.99 

4 

* 

1 

99.99 

4 

99.99 

2 

99.99 

4 

99.99 

3 



99.99 


No. of 
tests 


h Colonies too numerous to count in these samples. 
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given by 155° F. for 30 minutes, as specified in the Frozen Desserts Ordi¬ 
nance and Code (7). Since the present investigation shows a good margin 
of safety in the usual practice of pasteurization at 155° F. for 30 minutes, 
equivalent HTST pasteurization, whether established by a heat-resistant 
test organism, reduction in total bacterial count, or some other means, should 



Pro. 1. The thermal death time (99.99 per cent destruction! of U. freudenreiehU 
(no. MS66) in milk and ice cream mix. (Plotted semi-logarithmically.) 

have an equivalent margin of safety. Thus pasteurization at 180° F. for 
19 seconds, as found by Dowd and Anderson (1) to be equivalent to 160° F. 
for 30 minutes in reducing the total bacterial count'of ice cream mix, 
would afford a good margin of safety according to the results of the present 
study. . > 



PASTEURIZATION TEST WITH M. FREUDENREICHII 


• 981 


SUMMARY AND CONCLUSIONS 

An organism tentatively identified as M. freudenreichii and designated 
strain no. MS66 was isolated and its heat resistance in milk and ice cream 
mix was studied. It was found to possess about the same degree of heat 
resistance in milk as was formerly possessed by the heat-resistant E . coli 
(no. 3 U), and was used as the test culture in laboratory pasteurization 
studies. 

An improved laboratory pasteurization technique was devised for con¬ 
ducting HTST pasteurization tests which should give results similar to 
those obtained in commmercial HTST pasteurization units. 

The length of time required for 99.99 per cent destruction of M . freuden¬ 
reichii (no. MS66) at a given temperature was two to four times greater 
for ice cream mix than for milk, this difference decreasing with increased 
temperatures. 

REFERENCES 

(1) Dowd, L. R., and Andekson, E. 0. JStudy of Short-time-high-temperature Pasteuri¬ 

zation of Ice Cream Mix. Jour. Dairy Sci., 26: 37-46. 1943. 

(2) Frank, L. C. f Moss, F. J. f Fuchs, A. W., Haskell, W. H., Miller, M. M., 

Thomas, R. C. t and Havens, M. K. Studies of the Bactericidal Treatment of 
Milk Cans in Hot-air Cabinets. U. S. Pub. Health Serv. Rpts., 63: 329-338. 
1938. 

(3) Fuchs, A. W. Personal communication. 1947. 

(4) Hening, J. C., and Dahlberg, A. C. Effect of Pasteurization Times and Tempera¬ 

tures on Certain Properties and Constituents of Cream. N. Y. (Geneva) Agr. 
Expt. Sta. Tech. Bui. 269. 1943. 

(5) Holland, R. F., and Dahlberg, A. C. The Effect of the Time and Temperature of 

Pasteurization upon Some of the Properties and Constituents of Milk. N. Y. 
(Geneva) Agr. Expt. Sta. Tech. Bui. 254. 1940. 

(6) Myers, R. P., and Sorensen, C. M. Escherichia-Aerobacter Group in Ice Cream. 

(a) Determination from Laboratory Standpoint. Internatl. Assoc. Ice Cream 
Mfrs., 36th Ann. Conv., Proc., 2: 7-14. 1936. 

(7) U. S. Public Health Service. Frozen Desserts Ordinance and Code Recommended 

by the U. S, Pub. Health Serv., May, 1940. 




CHANGES IN CELL VOLUME AND IN CONCENTRATION OP 
HEMOGLOBIN AND OF SEVERAL INORGANIC CON¬ 
STITUENTS OP THE BLOOD OP CALVES DURING 
EARLY POSTNATAL DEVELOPMENT 1 

G. H. WISE ,2 M. J. CALDWELL,a D. B. PARRISH, 

R. J. FLIPSE,« and J. S. HUGHES 
Kansas Agricultural Experiment Station, Manhattan 

Knowledge of the composition of blood from normal dairy cattle under 
typical feeding and managemental practices is requisite to the diagnosis of 
many metabolic disorders. Considerable investigation has been directed 
toward ascertaining normal values for'many of the blood constituents of 
adult cows in various stages of the reproductive cycle, but, with the excep¬ 
tion of carotenoids and of vitamin A, little attention has been given to de¬ 
terminations of the changes that normally occur in the composition of the 
blood of calves during the critical periods of early postnatal development. 

Limited data on the mineral constituents of the blood of young calves 
(1. 9, 10, 15, 16, 17) indicate that following birth inorganic phosphorus 

of the blood increases while potassium decreases; whereas cell volume, cal¬ 
cium, and magnesium undergo no significant changes. In most of these 
studies small numbers of experimental subjects and infrequent analysis 
of the blood have yielded too few data to establish the normal trends. 

The present investigation, a phase of a study also including the changes 
in the compostition of the blood of the parturient cow, was undertaken to 
provide information on the cell volume and the hemoglobin content of 
blood and the concentration of various inorganic constituents of the blood 
and of the serum of the calf during the, normal transitory stages of early 
life. 

PROCEDURES 

The experimental subjects, 11 normal dairy calves representing the Ayr- 
shire, the Hostein, and the Jersey breeds, were subjected to a typical herd 
regime. The dams of the calves had received standard barn rations and 
seasonal pasture during the terminal 6 to 8 weeks of gestation. Each calf 
was fed colostrum from its dam the first 3 days, whole milk from the college 
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herd from the fourth day to the fourth week inclusive, and separated milk 
thereafter. Colostrum, whole milk, and separated milk were fed at the rate 
of 10 per cent of the body weight of the calf per day to a maximum of 12 lb. 
After the calves were 2 weeks of age, a concentrate mixture and alfalfa 
hay were fed ad libitum. Several hours daily the calves were released into 
an open pen. Additional details of feeding and management have been 
recorded (25). 

Collection, preparation, and analysis of blood. Collections of samples 
of venous blood were made before colostrum consumption, daily the first 3 
days, weekly from 1 to 6 weeks of age, and biweekly thereafter to 10 weeks 
of age. Analysis for the various constituents in the whole blood and the 
serum was continued either throughout the experiment or to the period when 
a uniform level apparently had been reached (tables 1 and 2). 

Cell volume (hematocrit values), hemoglobin, and the minerals, calcium, 
magnesium, sodium, and potassium, were determined on samples of whole 
blood. The serum analysis included all the foregoing minerals and inor¬ 
ganic phosphorus in addition. The procedures used are outlined in figure 
1. Where either blood or serum and one or more other substances are listed 
together, it is implied that they were mixed thoroughly. 

The hematocrit readings reported herein are uneorrected for cell volume; 
therefore the values are considered as apparent rather than as absolute. 
It is recognized that when saits, such as sodium oxalate, are used as anti¬ 
coagulants, there is a tendency for the individual cells to shrink (23), thus 
reducing the mass of the corpuscles. Contrariwise, the unavoidable en¬ 
tanglement of considerable plasma among the compacted cells tends to in¬ 
crease the apparent volume (9). Since these opposing tendencies are not 
entirely compensatory, the resulting volume is abnormally high. Thus 
calculations based on the apparent corpuscular-plasma ratio must be re¬ 
garded as approximations suitable for comparative purposes only. 

The only modifications in addition to those indicated in figure 1 were as 
follows: 

Hemoglobin. This was determined by the Sanford and Sheard (18) 
method using the Evelyn photometer at 540 mp to ascertain the intensity of 
color in the final solution. The Evelyn photometer was standardized by 
direct comparisons with a Bausch and Lomb spectrophotometer previously 
calibrated at 542 xa.fi (19). 

Potassium. In this procedure (12), final concentrations were measured 
eolorimetrically by means of the Evelyn photometer using a 440 rap filter. 

Inorganic phosphorus. This component of serum was determined by 
the procedure of Fiske and Subbarow (6), except that the final readings 
were made on the Evelyn photometer using a 620 m p filter instead of the 
660 mp usually recommended. 




Mg-CONT. SY EVELETH • / #/. (5) 

Fig. 1. Procedures fQllowed in the preparation and the analysis of blood and of serum. (Steps indicated above broken line wer< 
sr formed immediately after samples were collected and those below, after the samples were transferred to the laboratory.) 
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RESULTS 

A preliminary survey of the analytical data revealed that the variations 
among individuals within each breed exceeded the variability among breeds. 
Therefore, the data from all 11 calves were included in a single average for 
each stage of development at which determinations were made. 

Blood serum. Means and standard errors for inorganic phosphorus, 
calcium, magnesium, sodium, and potassium of blood serum are shown in 
table 1. Of these elements, inorganic phosphorous exhibited the most pro¬ 
nounced change; it increased from birth to 3 weeks of age, the percentage 
increases being 13.4 by the third day and 26.9 by the third week. The cal¬ 
cium concentration was uniform during the period of colostrum ingestion 
but subsequently slowly decreased to 5 weeks of age, the degree of reduction 
being 13.8 per cent. The resulting ratios of calcium to inorganic phosphorus 
decreased from 1.8:1 at birth to 1.3:1 at 4 weeks. Though the levels of 
magnesium fluctuated from period to period, no definite trends were re¬ 
vealed; the ratios of calcium to magnesium, ranging from 5.1:1 to 4.2:1, 
thus tended to decrease as the calcium values declined. Sodium values de¬ 
creased slightly (9.9 per cent) during the first 2 weeks, after which the 
levels tended to be uniform. Except for a slight reduction during the 
first 2 weeks, the potassium values manifested little variation; hence the 
range in sodium-potassium ratios was relatively small, 16.7 :1 to 14.6 :1. 

TABLE 1 

Average concentrations of several inorganic constituents in the blood serum 
of 11 normal dairy calves 


Concentration of minerals in blood serum 


of 

calf 

Inorganic 

phosphorus 

Calcium 

Magnesium 

Sodium 

Potassium 

(days) 

(mg./100 
ml.) 

(mg./100 
ml.) 

(mg./100 
ml.) 

(mg./100 
, ml.) 

(mg./100 
ml.) 

0 

6.7 + 0.29 

12.3 ±0.23 

2.4 ±0.10 

384+ 8.0 

23 + 0.7 

1 

6.9 + 0.26 

12.3 ± 0.19 

2.6 + 0.05 

372 ± 9.4 

25 + 0.8 

2 

7.6 ± 0.15 

12.3 ± 0.26 

2.4 + 0.06 

372 ± 8.6 

24 ±0.5 

3 

7.6 ± 0.17 

11.9 ±0.19 

2.4 ±0.08 

369 +10.2 

23 + 0.5 

7 

8.1 + 0.20 

11.2 ±0.14 

2.5 + 0.04 

352+ 8.6 

24 ± 0.3 

14 

8.3 ± 0.25 

11.1+ 0.13 

2.4 + 0.05 

346 ± 6.0 

22 ±0.3 

21 

8.5 ± 0.18 

11.0 ±0.15 

2.6 ± 0.06 

356+ 8.3 

22 ± 0.6 

28 

8.5 ± 0.23 

10.9 ± 0.14 

2.5 ± 0.04 

362+ 7.3 

22 ± 0.4 

35 

8.2 ± 0.32 

10.6 ± 0.13 

2.4 ± 0.06 

352+ 5.2 

22 ± 0.5 

42 

8.1 ± 0.23 

10.7 ±0.18 

2.4 ± 0.04 

350+ 6.0 

21 ± 0.3 

56 



.. . 


22 + 0.4 

70 

. 

. 

. 


22 ± 0.6 


Whole blood. The means, including their standard errors, for various 
constituents of whole blood are presented in table 2. Cell volume (hemato¬ 
crit values) and hemoglobin decreased 31.0 per cent and 29.8 per cent, 
respectively, during the first 3 weeks after birth, the rate of decline being 
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more rapid during the first 3 days than later. After the third week, both 
constituents exhibited a gradual upward trend that continued during the 
remainder of the experimental period. Sodium values of the blood de¬ 
creased 10.4 per cent during the first 2 weeks. After the period of decline, 
the concentrations gradually returned to approximately the initial level. 
The potassium content of the blood immediately after birth was almost three 
times as high as that at 10 weeks of age. With the exception of the acceler¬ 
ated reduction during the first 3 days, the rate of decrease tended to be uni¬ 
form to the eighth week, at which time the values appeared to level off. 
The concentrations of calcium and of magnesium varied from period to 
period but manifested no definite trends that could be associated with 
changes in either age of calf or fe^ds consumed. 

TABLE 2 

Average levels of cell volume , hemoglobin, and several mineral constituents 
of the whole blood from 11 normal dairy calves 


Levels of constituents in whole blood 


of 

calf 

(Jell 

volume* 

Hemo¬ 

globin 

Calcium 

Magnesium 

Sodium 

Potassium 

{days) 

(%) 

(g./100 ml.) 

(mg./100 
ml.) 

(mg./100 
ml.) 

(mg./100 
ml.) 

(mg./100 
ml.) 

0 

42 ± 1.8 

12.4 + 0.66 

9.0 + 0.27 

2.6 + 0.08 

308 +13.9 

141 + 4.4 

1 

30 ±1.5 

12.0 ±0.53 

9.2 + 0.24 

2.8 + 0.06 

291 + 11.6 

134 ± 4.8 

2 

37 + 1.6 

11.3 + 0.55 

9.3 + 0.24 

2.6 + 0.05 

292+ 9.7 

125 + 4.7 

3 

34 ±1.8 

10.7 + 0.51 

9.2 + 0.22 

2.7 + 0.08 

290 7 13.3 

119 + 4.4 

7 

33 ± 1.9 

10.2 + 0.57 

8.8 ±0.17 

2.7 + 0.04 

278 + 12.0 

111 ± 3.2 

14 

30 + 2.0 

9.3 + 0.54 

8.9 + 0.11 

2.6 + 0.05 

276 ± 10.6 

94 + 3.7 

21 

29 + 1.9 

8.7 + 0.56 

9.4 + 0.23 

2.7 + 0.06 

294 + 10.4 

82 + 3.3 

28 

31+1.7 

90 + 0.54 

9.0 + 0.19 

2.7 + 0.05 

298+ 4.5 

80 + 3.6 

35 

30 + 1.1 

9.1 + 0.35 

8.5 + 0.10 

2.6 + 0.05 

313+ 8.1 

69 + 4.1 

42 

30 + 0.8 

9.2 + 0.25 

8.6 + 0.14 

2.5 + 0.04 

311 ± 7.4 

62 + 2.3 

56 

32 + 0.9 

9.7 + 0.30 




54 +1.9 

70 

33+1.2 ! 

10.7 + 0.39 




53 ±1.4 


* Hematocrit values. 


A comparison of the data in table 1 with those of table 2 reveals higher 
values for calcium and sodium in blood serum than in whole blood; whereas 
the reverse was true of the levels for magnesium and potassium. Thus it is 
apparent that calcium and sodium were concentrated primarily in the serum 
phase and magnesium and potassium in the cellular components of whole 
blood. 

In contrast to the small changes in the proportion of sodium to potassium 
in the serum of the calves, the sodium-potassium ratio in the whole blood 
gradually increased from 2.2:1 at birth to 5.0:1 at 6 weeks. 

The calculated ratio of sodium to potassium in the cellular fractions, 
based on hematocrit values, suggested that the proportions changed as the 
calves developed. During the first 4 weeks following birth, the potassium 
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content of the cells was greater than the sodium; thereafter the sodium 
concentration was higher. This change in relationship was due not only to 
the reduction in potassium but also to the increase in sodium. 

Computations of the approximate distribution of potassium between the 
serum and the cells (based on hematocrit readings) in the whole blood at 
different periods indicated that at birth only 10 per cent of the total was 
in serum, but at 10 weeks of age the percentage had increased to 28. The 
sodium distribution varied slightly, but the fluctuations were not of suffi¬ 
cient magnitude to be considered significant. 

DISCUSSION 

The complexity of the interaction of the mineral elements in the body 
functions renders interpretation of the changes in concentration of individ¬ 
ual constituent of the blood difficult. The concomitant reduction in the 
apparent cell volume and the hemoglobin of the blood of the calves during 
the first 3 weeks of postnatal life raises a question concerning the physio¬ 
logical causes and significance of the trends. Though the large amounts of 
blood withdrawn from the young calves during the first 3 days probably 
accentuated the rate of decrease during this period, the general downward 
trends are in accord with the observations of Fraser (7), who found that the 
hemoglobin concentration and the number of red blood cells in calves and 
lambs decreased during the first week following birth. Occasionally, how¬ 
ever, low hemoglobin values have been noted (24) in the newborn calf. 
The levels in these cases either remained approximately uniform or in¬ 
creased slightly. Apparently the trends of hemoglobin during the first 2 
or 3 weeks of postnatal life are influenced by the initial level. 

According to a review by Davidson and Leitch (2), a high hemoglobin 
level in mammals at birth is regarded as an adaptation to relatively ineffi¬ 
cient aeration in utero. With the establishment of lung breathing, there is 
believed to be a surplus of hemoglobin; hence red blood cells are destroyed, 
a so-called “physiological destruction”. It was suggested further that 
this alteration is a process of replacement of fetal erythrocytes by cells of a 
different type. This physiological reduction is believed to be independent 
of iron reserves and dietary intake. The changes in the hematocrit values 
and hemoglobin levels in the blood of the young calves observed in this 
study suggest the occurrence of “physiological anemia”, particularly in 
the early stages of decline. Whether the apparent activation of erythro- 
poiesis when the calves were about 4 weeks of age was stimulated by the stage 
of growth (2) or by the preceding dietary changes remains to be deter¬ 
mined. Further hematological studies of calf blood to determine the early 
postnatal changes in types of cells and additional nutritional investigations 
to ascertain the responsiveness of the hemoglobin content of the blood to 
dietary supplements are indicated. 
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One of the most striking characteristics noted in the blood of the young 
calf is the high potassium content at birth followed by a gradual reduction 
over a period of 8 to 10 weeks to the normal adult level (10). Another in¬ 
vestigator (9) also has observed this phenomenon, but its physiological 
significance is obscure. 

As previously indicated, potassium is found primarily in the red blood 
cell; therefore changes in the cell volume (hematocrit) would be expected 
to affect the concentration of potassium in the whole blood. Since the down¬ 
ward trend of potassium continued after the hematocrit and the hemoglobin 
values began increasing, factors other than corpuscular volume per se appar¬ 
ently were involved. If the suggestion (2) that the type of cells change 
during the early postnatal development applies to calves, it is conceivable 
that the high potassium content is characteristic of the fetal erythrocytes. 
On the basis of this conjecture, changes in the concentration of potassium of 
blood suggest that most of the displacement of the fetal red cells had occurred 
by the eighth to the tenth week following birth. Though reduction may be 
due to excessive egression from the cells, the constancy of potassium in the 
serum tends to invalidate this possibility. 

The metabolic significance of the high potassium values in the neonatal 
calf is subject to speculation. Shohl (20, p. 124) stated that when growth 
is rapid, the need for potassium increases. Miller's investigations (14) 
with rats indicated that a deficiency of this element during early develop¬ 
ment not only may prevent growth but also may cause physiological distur¬ 
bances that are manifested at a later age, even though the potassium supply 
is raised to adequate levels. If similar responses occur in the bovine, the 
high level of potassium in the blood of the neonatal calf possibly may be 
insurance against the development of subsequent anomalies. This postula¬ 
tion is in harmony with the fact that colostrum, the first food of the calf, 
is considered to be low in potassium (8). However, the normal dietary 
changes to which the calves were subjected did not alter perceptibly the 
downward trend in the potassium concentration in the blood. The extent to 
which this reduction would be amenable to supplemental feeding of potas¬ 
sium remains to be determined. 

In the calf, as in other species, sodium of the blood occurs principally in 
the serum. The amount in the red blood cells of the human subject is so 
small that its presence has been questioned (20, p. 121), but this is not true 
of other species, including cattle. Kerr (13) reported that in the dog, the 
sheep, and the cow sodium predominated over potassium in the red blood 
cells. The data presented herein indicated that in the early postnatal stages 
of the calf there was a preponderance of potassium in the cellular fraction, 
but after 4 weeks of age the computed sodium content of the cells was 
greater than the potassium, a relationship similar to that reported for the 
cow (13). 
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According to Bunge’s thesis, as reviewed by Shohl (20, p. 123), an excess 
intake of either potassium or sodium causes excretion of the other. The 
dietary sodium-potassium ratio apparently was not a major factor contrib¬ 
uting to the ratio of these two elements in the blood of young calves ob¬ 
served in this study. Moreover, there was not a reciprocal relationship 
in the concentrations of sodium and potassium of the blood as reported by 
Groenewald (10), who found that the reduction in potassium concentration 
was correlated with an increase in sodium. 

The responses of sodium concetrations in the whole blood and in the 
serum to dietary changes are indefinite. Though the increases followed the 
addition of hay and concentrates (containing 1 per cent supplemental 
sodium chloride) to the diet, the changes, particularly in the serum, were 
not of sufficient magnitude to be considered significant. 

The calcium in blood, according to Shohl (20, p. 133), is found wholly or 
almost wholly in the serum, the red cell membrane being impermeable to 
this element. Gradual reduction of serum calcium of the calf following 
the early postnatal stages corroborates the findings of other investigators 
(1, 9, 10). Computations based on the corpuscular-plasma volumes in¬ 
dicated the presence of considerable calcium in the cellular fraction of blood 
also. The validity of these calculations is questionable in view of the in¬ 
adequacy of hematocrit measurements as indicators of the absolute red 
cell volume. 

The inorganic phosphorus of the serum increased considerably during 
the early stages of postnatal development. Studies (9, 10, 15) of the in¬ 
organic phosphorus of the whole blood, collected at frequent intervals dur¬ 
ing early postnatal life, revealed trends similar to those noted herein for 
serum. Since inorganic phosphorus is concentrated almost entirely in 
the serum (10), the increases in the whole blood are indicative of the changes 
in concentration of this phosphorus fraction in the serum. 

Unlike calcium and inorganic phosphorus, magnesium is present in 
slightly greater concentration in the whole blood than in the serum of calves. 
This is in accord with the results from other studies (9) of calf blood, but 
contrary to the findings from investigations (4) of the compositions^ blood 
from older cattle. There is no obvious explanation for this difference. 

Sodium, potassium, calcium and magnesium ions in the body fluids must 
be balanced in order that irritability and contractility may be produced. 
(20, p. 118). Though the concentrations and the distributions of these 
elements in the serum and the corpuscular phases of the whole blood varied 
with advancement in the age of the calf, the metabolic significance of these 
changes is obscure. 

Transitions in the typical dietary regime did not alter the concentra¬ 
tions of the mineral constituents of calf blood and blood serum so percep- 
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tibly as they did the cartenoid and vitamin A values (25). It is possible 
that such factors as solar irradiation during the period of experimentation 
(summer and fall), water consumption, and ingestion of foreign matter from 
the barnyard might have modified the effects of the diet. Determination 
of the responses of the minerals of the blood of young calves to various 
dietary supplements warrants further exploration. 

SUMMARY 

During the first 6 to 10 weeks of postnatal development of 11 normal 
calves, determination of hematocrit values and of hemoglobin levels in the 
blood and of the concentrations of several inorganic constituents in the blood 
and in the serum were made. 

Hematocrit values and hemoglobin concentrations declined during the 
first 3 weeks after birth but gradually increased during the following 7 
weeks. 

Inorganic phosphorus of the blood serum increased from 6.7 mg./lOO 
ml. at birth to 8.5 mg./lOO ml. at 3 weeks, remaining relatively constant 
thereafter. 

Calcium of the whole blood ranged from 8.5 mg./lOO ml. to 9.4 mg./lOO 
ml. but revealed no consistent trends, whereas in serum the level decreased 
slightly but steadiW from 12.3 mg./lOO ml. during the period of colostrum 
consumption to 10.6 mg./lOO ml. at 5 weeks of age. 

Magnesium of whole blood varied from 2.5 mg./lOO ml. to 2.8 mg./lOO 
ml., and of serum from 2.4 mg./lOO ml. to 2.6 mg. 100 ml., but the concentra¬ 
tion in neither exhibited a definite trend as the calves developed. 

Concentrations of sodium in the whole blood decreased slightly the first 
2 weeks but increased to the initial level within the following 3 w r eeks, the 
extremes being 276 mg./lOO ml. and 313 mg./lOO ml.; similar general 
trends were noted in the serum in which the range in concentrations was 
346 mg./lOO ml. to*384 mg./lOO ml. 

Potassium of the whole blood declined steadily from an average of 141 
mg./lOO ml. at birth to an average of 53 mg./lOO ml., the level in adult 
cattle, at 10 weeks; the concentrations in the serum exhibited little variation, 
ranging from 21 mg./lOO ml. to 25 mg./lOO ml. 

A comparison of the levels of minerals in whole blood and in serum in¬ 
dicated that the concentrations of sodium and calcium were greater in serum 
than in the cells; whereas the reverse was true of potassium and magnesium. 

Computations, based on hematocrit values, indicated that the amount of 
potassium in the cells predominated over that of sodium during the first 4 
weeks of postnatal life; subsequently sodium concentrations predominated 
over potassium in the cellular fraction. 
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THE KEEPING QUALITY OF DRY WHOLE MILK SPRAY DRIED 
IN AN ATMOSPHERE OF AN INERT GAS 1 ' 2 

8. T. COULTER 

Dairy Division, University of Minnesota 

The drying of milk in an atmosphere of an inert gas such as nitrogen 
or carbon dioxide in order to eliminate or retard oxidation of the lipids 
has been suggested frequently. Ekenberg (4) in 1911 was granted a TJ. S, 
patent for a process for spray drying milk in an atmosphere of carbon 
dioxide and water vapor. Dickinson and Moreton (3) received a U. S. 
patent in 1943 on a method involving spray drying in carbon dioxide or 
“any other oxygen-free gas”. A French patent was granted in 1921 to 
Vitoux and Porcher (7) for a drier utilizing an inert gas. 

Obviously, to use a gas other than air. would be practical only if the 
gas was very cheap or could be dehumidified for reuse. Exhaust flue gases 
might be satisfactory if combustion was so regulated as to obtain the de¬ 
sired low oxygen level in the gases and yet sufficiently complete to eliminate 
objectionable characteristics such as carbon specks. 

The 1907 patent of Merrell et al. (5) on spray drying provided for 
possible recirculation of the air. An arrangement of cooling coils was used 
to partially dehumidify the air. Ekenberg (4) utilized the samp principle. 
Bichowsky (1), in a patent granted in 1941, provided for recirculation of 
air in tray drying by regulating the humidity of the air through contact 
with a hygroscopic solution of controlled temperature and humidity. 

A spray drier 8 which permits recirculation of the drying fluid (air, 
nitrogen, or carbon dioxide) has been in successful operation in the labo¬ 
ratories of the Dairy Division of the University of Minnesota since October, 
1943. Dehumidification is accomplished in this, drier by passing the ex¬ 
haust gas from the drier counter-current through sprays of water. In a 
later design, a standard finned-type air conditioning unit was used. 

There is little advantage in cooling the gas below 70° F. (21.1° C.). 
The cooled gas is, of course, approximately saturated with water vapor at the 
temperature to which it is cooled, but at 70° F. only 0.01578 lb. (6) of water 
vapor is required to saturate 1 lb. of air. This amount is less than the water 
vapor usually carried by the air used in conventional driers, particularly 
during the summer months. 

Received for publication September 10, 1947. 

1 Scientific Journal Series Article no. 2358, Minnesota Agricultural Experiment 
Station. 

2 Aided by a grant from the Minnesota Research Foundation. 

3 Construction of the drier was supervised by Mr. J. A. Phelan, Central Scientific 
Shops, University of Minnesota. 


995 



996 


S. T. COULTER 


Assuming sufficient cooling surface so that there can be a 10° P. (5.6° C.) 4 
temperature rise in the cooling water, about 1 gallon of water is required 
per pound of gas (nitrogen) circulated. This figure is based on nitrogen 
15 per cent saturated at 170° F. (77° C.), which is about normal for spray 
drier operation and will vary somewhat depending upon the temperature 
and humidity of the exhaust gas from the drier. Under these conditions! 
about 19 gallons of cooling water are required per pound of drying effect 
or 28.5 gallons per pound of powder dried from condensed milk with a solids 
content of 40 per cent. 

Description of Drier 

Schematic diagrams of the drier are shown in figures 1 to 3. The princi¬ 
pal features are: 


l 
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Fig. 1. Schematic diagram of drier. 

I. The heater and fan. 

Five 1,400-watt chromalox “Koilfin” heaters manufactured .by the 
Edwin L. Weigand Company, 7500 Thomas Boulevard, Pittsburgh, Pa., 
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are used for heating. A circulation of up to 120 cubic feet per minute 
of gas is provided by a two-blade fan driven through variable speed pul- 



Pig. 2. Cross section of heater section. 



Fig. 3. Cross section of drier chamber. 


leys by a 0.25 h.p. electric motor. Three of the heaters can be thrown 
in or out of the circuit by individual snap switches. The other two 
heaters are regulated thermostatically. 
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II. The atomizer. 

A diagram of the two-fluid stainless steel atomizer is shown in 
figure 4. The bore of the milk tube is 4 mm. tapering to 1 mm. at the 



Fig. 4. Two-fluid atomizer for drier. 


tip, which has an outside diameter of 1.5 mm. The atomizing gas (air, 
nitrogen, or carbon dioxide) at a pressure of 25 to 70 lb. per square 
inch emits around the tip of the milk tube through a 2 mm. orifice in 
the cap. The rate of milk flow can be varied by regulating the pressure 
on the milk line. Compressed air, nitrogen, or other gas introduced 
above the milk in a closed container is used as the source of pressure. 
A relief valve is installed in the container. The rate of flow is deter¬ 
mined by noting the loss in weight of the milk and container placed on 
a dial scale of suitable sensitivity. 

III. The drying chamber. 

The atomizer is mounted so that the milk spray enters the gas stream 
at a point level with the top of the drying chamber. The dry milk 
falls to the bottom of the cone and thence to the box below the cone, 
where it may be canned without contact with the air. The cans and 
sealer may be manipulated through rubber gloves attached to flanged 
holes in the side of the box. 

IV. Powder removal from air stream. 

The gas leaving the cone passes upward through six filter bags 
evenly spaced around the drying chamber between the inner cylinder 
and the outer wall. The bags are standard bags for a Roger’s drier 
shortened to the required length. The rods to which the upper ends of 
the bags are attached are hooked to supports outside of the drying 
chamber so that the bags may be shaken when necessary. A reason¬ 
ably gas-tight seal is provided by sleeves of flexible rubberized cloth 
clamped at one end to the rods and at the other to the rims of 6-inch 
openings in the top of the chamber. 

V. Dehumidification of air. 

The exhaust air duct conveys the gas to the bottom of the “con¬ 
denser”. Water at about 50° P. (10° C.) is fed into the top of the 
chamber and falls over a series of baffles arranged so that the air 
must pass counter-current to the water flow through a series of water 
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sprays. A water seal in the overflow pipe from the bottom of the 
chamber prevents entrance of air during operation. 

OPERATION OF DRIER 

The drier was designed to remove at the maximum about 10 lb. of water 
per hour. Operating on 40 per cent condensed whole milk, a capacity of 
5 lb. of dry whole milk per hour easily can be attained. Best results have 
been secured with the temperature of the inlet gas at about 300° F. (149° C.) 
and that of the exhaust gas at 160° F. (71° 0.). Dry milk with a moisture 
content not higher than 2.0 per cent and yet with a solubility index not 
greater than 0.1 ml. easily can be obtained under these conditions. 

The drier operates equally well on air, nitrogen, or carbon dioxide. The 
system may be charged with nitrogen or carbon dioxide by alternately 
admitting gas from a tank to build up pressure equivalent to about 1 inch 
of water and then drawing an equivalent vacuum through an outlet in the box 
below the cone. Gas for analysis can be taken from the same outlet. Using 
this procedure it is possible to reduce the oxygen content of the gas in the 
system to below 2 per cent with one 13-lb. tank of nitrogen. Using nitrogen 
as the atomizing gas, the oxygen content of the gas in the system drops 
during operation to below 1 per cent in less than 1 hour and to below 0.5 per 
cent in 2 hours. One tank of nitrogen will furnish gas at 70 lb. pressure to 
the atomizer for about 2 hours. The oxygen content of the gas in the head 
space of the canned dry milk is comparable to that of the gas in the chamber 
at the time of drying. 

This drier, as constructed and operated, is, of course, strictly an ex¬ 
perimental unit. It is believed, however, that the general scheme could 
be used commercially without prohibitively increasing the cost of the dried 
product. 

Present commercial driers probably could not be adapted readily to the 
use of an inert gas because of their large volumes in relation to drying 
capacities and the difficulties of charging the systems with nitrogen. 

KEEPING QUALITY OF DRY WHOLE MILK 

Eight, comparisons have been made in which split lots of the same milk 
have been dried, one in nitrogen and the other in air. The milk was high 
quality mixed milk from the University herd and was preheated to 165° F. 
for 30 minutes and condensed in stainless steel equipment to about 
40 per cent total solids before drying. The milk dried in nitrogen was 
canned in the atmosphere in which it was dried. That dried in air was 
gas-packed to equivalent oxygen levels. Multiple gassing (2), with 24- 
hour intervals between gassings to permit diffusion of oxyen from the air 
cells, was necessary' to obtain the lower oxygen levels. 

Every effort was made to control the moisture content of the powder to 
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within the range 1 of 2.0 to 2.5 per cent, but this was not attained in all 
instances. Samples of the canned powder were stored at 100° F. and graded 
at intervals during a period of up to 22 months. The milk was reconstituted 
for scoring with distilled water at 70° F. and was examined within an hour. 
Scores were placed by a panel of never less than five and usually six 
persons selected from among a larger group because of their ability to 
distinguish among flavors. The student’s score card for fluid milk, in 
which the normal range in flavor score is 25 to 40, was used. Reconstituted 
milk prepared from freshly dried milk usually is scored 37 with the 
criticism “cooked” by the panel. 

Data on all of the first five lots will not be reported in detail since with 
two of these lots the moisture content of the nitrogen-dried powder was 
excessive and with one lot the desired oxygen level was not attained. 
Summaries of the data for five of the lots are shown in tables 1 to 5. 

The keeping quality of the powder appears to have been influenced by the 
differences in the amount of oxygen in the can and not by whether the 
powder was dried in nitrogen or in air. An interesting observation, as 
shown in lots 1 and 2, was that powder dried in nitrogen and then removed 

TABLE 1 


Comparison of keeping qualities of powdered whole millc spray 
dried in nitrogen and in air 
(Summary of data for lot 1) 


Dried in 

Remarks 

7-day oxygen 
level 

Scores after storage at 
100° F. for 



5 mo. 

10 mo. 

Nitrogen .. .. 

* 

Canned in air 

(%) 

17.0 

Tallowy 


Nitrogen . 

1st half run 

3.0-4.0 

32.5 

Nitrogen 

2nd half run 

2.0-3.0 

35 

34 

Air . 

Canned in air 

20.8 

Tallowy 

„ 

Air .... 

Single gassed 

2.0 

35 

34 


TABLE 2 


Comparison of keeping qualities of powdered whole milk spray 
dried in nitrogen and in air 
(Summary of data for lot 2) 


Dried in 

Remarks 

7-day 

oxygen 

level 

Scores after storage at 100° F, for 

Initial 

3 mo. 

8 mo. 

15 mo. 

Nitrogen. 


(%) 
1.4-3.0 


34 

34 

31 

Nitrogen 

Canned in air 

19.7 


28 

Tallowy 

.... 

Air. 

Single gassed 

1.5 


35 

35 

32.5 

Air. 

Canned in air 

20.8 


Tallowv 
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TABLE 3 

Comparison of keeping qualities of powdered whole milk spray 
dried in nitrogen and in air 
(Summary of data for lot 6) 


Dried in 

Remarks 

Oxygen 

Scores* after storage at 100° F. for 

level 

Initial 

3 mo. 

10 mo. 

12 mo. 

Nitrogen . 

1st half run 

o 

w . 

o 

37 

35.75 

35.5 

, 35.25 

Nitrogen. 

2nd half run 

0.4-0.8 

37 

35.50 

36.25 

35.25 

Air. 

Double gassed 

0.8 

37 

35.25 

35.25 

35.25 


# Averages of scores on two cans of powder separately reconstituted. 


TABLE 4 

Comparison of keeping qualities of powdered whole milk spray 
dried in nitrogen and in air 
(Summary of data for lot 7) 


Dried in 


Nitrogen 
Nitrogen .. .. 

Air. 

Air. 


Remarks 

7-day 

oxygen 

level 

Scores after storage at 100° F. for 

Initial 

4 mo. 

12 mo. 

16 mo. 

22 mo. 

1st half run 

(%) 

1.50-2.00 

37 

35.75 

36.25 

34.75 

34.75 

2nd half run 

1.00-1.50 

37 

35.75 

36.25 

34.50 

34.75 

Single gassed 

2.00 

37 

35.50 

34.25 

33.5 

. 

Double gassed 

1.10 

37 

35.75 

35.25 

34.5 



* Averages of scores on two cans of powder separately reconstituted. 

TABLE 5 


Comparison of keeping qualities of powdered whole milk spray 
dried in nitrogen and in air 
(Summary of data for lot 8) 


Dried in 

Remarks 

7-day 

oxygen 

level 

Scores after storage at 100° F. for 

Initial 

6 mo. 

9 mo. 

13 mo. 

20 mo. 

Nitrogen.. 

1st half run 

(%> 

0.6-1.0 

37* 

35* 

34.5* 

35* 

34.5* 

Nitrogen. 

2nd half run 

0.5-0.6 

37 

35.75* 

35.5* 

35.5* 

35* 

Air. 

Single gassed 

1.7 

37 

34 

35 

33.5 

33 

Air . 

Double gassed 

0.7 

37 

35 

34.5 

34.5 

34 

Air. 

Held under 

0.4 

37 

33 

35 

35 

35 


vacuum 

before 

gassing 



: 





* Averages of scores on two cans of powder separately reconstituted. 

from the drier and canned in air actually “desorbed” nitrogen so that 
the 7-day oxygen level was materially lower than that of powder dried and 
canned in air. 
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The data show an improvement in the keeping: quality of the powder 
with decrease in the oxygen level. At oxygen levels of 1 per cent or lower, 
the powder retained its quality remarkably well. Deterioration was most 
rapid during the first months, and after an initial drop in score the powder 
became virtually stable. 

The gases in the cans were analyzed for oxygen and carbon dioxide at 
each examination period. Oxygen was not present in the gases in detectable 
amounts after 6 mouths storage. The carbon dioxide content increased 
gradually throughout the storage period. These powders were subjected to 
various other analyses, but since much more extensive data obtained in 
studies on the effects of oxygen and moisture levels on the keeping quality 
of dry whole milk now are being prepared for publication, they will not 
be reported at this time. 

SUMMARY 

The drying of whole milk or other oxygen-labile materials in an atmos¬ 
phere of nitrogen or carbon dioxide has been shown to be entirely practical. 
Drying of the gas to permit re-use can be affected by cooling at an ex¬ 
penditure of not more than 20 gallons of 50° F. water per lb. of water 
removed. The amount of gas required would be excessive with the con¬ 
ventional spray driers now available. 

The keeping quality of dry whole milk is influenced materially by 
the amount of oxygen left in the container, but not by whether the milk is 
dried in inert gas or in air. At oxygen levels of 1 per cent or below, dry 
whole milk of low moisture content deteriorates very slowly, even at 100° F. 
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TOTAL DIGESTIBLE NUTRIENTS AND PROTEIN LEVELS FOR 
DAIRY BULLS USED IN ARTIFICIAL BREEDING 

CECIL Bit ANTON*, R. W. BRATTON, and G. W. SALISBURY 
Laboratory of Animal Breeding and Artificial Insemination , Department of Animal 
Husbandry , Cornell University , Ithaca , New YorTc 

There are few objeetive data available concerning the levels of total di¬ 
gestible nutrients (T.D.N.) and protein necessary to maintain the body 
weight of mature bulls (19). With the exception of the Russian work (11, 
12, 20, 21), which the authors are in no position to evaluate, having seen 
only the abstracts, a review of the literature reveals little objective informa¬ 
tion concerning the effects of quantity and quality of rations on semen pro¬ 
duction (5) and fertility of mature dairy bulls. Most of the studies in 
this country have been with young bulls (7, 8). The increasing number 
and size of bull studs supplying semen from proved bulls for artificial 
insemination has focused more and more attention on the need for reliable 
information on feding the mature sire. 

Many authors (3, 4, 10, 13) have recommended that dairy bulls be kept' 
in vigorous physical condition but not too fat since high finish is believed 
to make them sluggish. Others (6, 11) have recommended that bulls gain 
in weight when in active service. The actual basis for their recommenda¬ 
tions is not given. 

Recognizing the situation just described, a series of investigations were 
planned in this laboratory to determine the nutritive requirements of mature 
dairy sires used routinely for artificial insemination. The first of these ex¬ 
periments was published earlier (14). However, as that experiment pro¬ 
gressed, it became evident that more fundamental information was needed 
on the T.D.N. and protbin requirements before other nutrient requirements 
could be studied adequately. Thus, the present paper deals with the re¬ 
sults of an investigation to determine the effects of feeding controlled levels 
of T.D.N. and protein on semen production, fertility level, and liveweight 
changes of mature dairy bulls used routinely in artificial insemination. 

EXPERIMENTAL METHODS AND MATERIALS 

Since the establishment of the bull stud by the New York Artificial 
Breeders’ Cooperative, Inc., the general feeding practices have resulted in 
T.D.N. intakes of approximately 120 per cent of recommended allowances 
for maintenance of dry dairy cows of equivalent weight (10). The rations 
generally fed consisted of concentrate mixtures containing approximately 

Received for publication September 11, 1947. 

1 Now at the Louisiana Agricultural Experiment Station, Baton Rouge. 
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14 per cent total protein and mixed hay containing less than 50 per cent 
legumes. These feeds, at the levels fed, apparently had been satisfactory 
for the production of semen of high quality, the maintenance of fertility, 
and the maintenance of body weights. It seemed desirable to study levels 
at considerable ranges from the average in use. Therefore, the levels of 
100, 120, and 140 per cent of recommended dry dairy cow maintenance re¬ 
quirements for T.D.N. (10) were chosen for study. 

The basic formula for calculation of these T.D.N. allowances was 7.93 

lb. T.D.N. x ^ —. For the two higher levels, the allowance as 

* ljUUU 

determined for the 100 per cent level* was increased by 20 and 40 per cent, 
respectively. Since it was desired to use concentrate mixtures made up of 
varying proportions of the same feeds, the lowest level of protein chosen was 
12 per cent. From some of the work mentioned above (5,11,12) it appeared 
that additional protein might be advantageous. Therefore, three levels of 
protein in the concentrate mixtures, 12, 16, and 20 per cent, were used for 
comparison. 

Feeds used and management of the hulls. The ingredients used to make 
up each of the concentrate mixtures, chemical analysis of each mixture and 
that of the hay fed are given in table 1. 

The experimental feeding was planned so that 60 per cent of the T.D.N. 
requirement of each bull was supplied by the hay fed and 40 per cent by the 
concentrate mixture fed. While this proportion of feeds has been found 
satisfactory for maintaining tidy middles on bulls, enabling them to serve 
readily, it is not known that it represents the ideal combination. 

The amount of feed to be fed each bull during each experimental period, 
in order to meet the T.D.N. levels specified for each period, was established 
on the basis of the initial body weight of each bull. The resulting feeding 
schedule was not altered as a consequence of subsequent changes in body 
weight. 

All bulls were exercised daily, either in a small dry lot or on a mechanical 
exerciser. The latter exercise was equivalent to a slow walk for approxi¬ 
mately one mile. Throughout the experiment each bull was used^for service 
approximately once every 12 days, at which time two or three ejaculates 
were collected. 

The experimental design. For the study of the three T.D.N. levels and 
in order to remove statistically their possible carry-over effects, a ‘ 4 double 
change over” design, as described by Cochran et al. (2), involving three 
90-day periods, was employed. Superimposed upon their design was a 270- 

* The 100 per cent level of recommended allowances of T.D.N. is the same as that 
given by Morrison (10) for “Good cows under usual conditions’* for body weights up 
to 1,800 lb. 
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day continuous-type experiment for studying the three protein levels. 
Nine Holstein-Priesian and nine Guernsey bulls, averaging 6.3 ±: 0.5 8 years 
of age and 1749 db 79 s lb. in body weight, were selected from the stud of the 
New York Artificial Breeders 9 Cooperative, Inc., on the basis of the likeli¬ 
hood that they would remain in active service during the projected 270-day 
experiment. Within each breed the bulls were divided into three groups 
containing three similar individuals. Assignment to groups was made on 
the basis of the information available concerning each bull’s semen produc¬ 
tion, fertility, and body weight. The three groups within each breed then 
were assigned at random to the three protein levels. Within protein levels, 

TABLE 1 

Ingredients and chemical composition of the concentrate mixtures and hay fed 


Concentrate mixtures 



12% 

total 

protein 

16% 

total 

protein 

20% 

total 

protein 

Hay 

Ingredients (lb.) 





Ground oats . 


680 

585 

50% timothy 

Hominy feed . 

940 

760 

575 

Wheat bran . 



200 

40% grasses 

Unseed oilmeal 

20 

160 

300 

Soybean oilmeal. 


160 

300 

10% clover 

Steamed bone meal 

20 

20 

20 


Salt .... 

20 

20 

20 


Total . 

2000 

2000 

2000 


Chemical composition (%) 




10.63 

Moisture. 

10.85 

10.47 

10.09 

Crude protein . 

12.38 

15.37 

18.48* 

8.88 

Ether extract .... 

3.90 

3.83 

4.26 

1.64 

Crude fiber .... 

7.94 

8.71 

7.37 

38.94 

Nitrogen-free extract 

59.66 

56.42 

54.93 

34.71 

Ash . 

5.27 

5.19 

4.87 

6.10 

Total .. . n . . 

100.00 

99.99 

100.00 

100.00 

Total digestible nutrients (%) 

76.55 

76.54 

76.49 

49.20 


* Because of one low value for crude protein during one period, the average of the 
chemical anal yses of the theoretical 20% protein concentrate was somewhat below the 
planned level. 


the assig nm ent of sequences of T.D.N. levels to each bull was done in a 
manner described by Cochran et al, (2). The completed design is shown in 
detail in table 2. 

Measurement of the results . Data were recorded routinely on the charac¬ 
teristics of each ejaculate of semen produced by each bull at each collection 
period, on the fertility of the semen used for insemination, and on the 
changes in body weights of the bulls. For the statistical analyses of the 
semen characteristics the data were grouped by experimental periods, the 


* Standard error of the mean. 
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average value being used as a single observation. Significance of treatment 
differences was tested by analyses of variance (9, 22). 

The following criteria were used to evaluate the semen samples: volume, 
per cent of motile spermatozoa (1), concentration (number of spermatozoa 
per mm. 8 ) (17), and the methylene blue reduction time (1). Each semen 
sample which met the enumerated specifications for use in artificial insemina- 

TABLE 2 

Experimental design showing assignment of bulls to treatments 
(Each period 90 days in length) 


12% protein group 



T.D.N.—Group 1 
(Holsteins) 


T.D.N.—Group 2 
(Guernseys) 

Period 

Bull 

Period 

Bull 


1 

2 

3 


4 

5 

6 

I 

100* 

120 

140 

I 

100 

120 

140 

II 

120 

140 

100 

II 

140 

100 

120 

III 

140 

100 

120 

III 

120 

i i 

, 140 

100 


16% protein group 


Period 

T.D.N.—Group 3 
(Holsteins) 

Period 

T.D.N.—Group 4 
(Guernseys) 

Bull 


Bull 


7 

8 

9 

30 

11 

12 

I 

100 

120 

140 

I 

100 

120 

140 

II 

120 

140 

100 

II 

140 

100 

120 

III 

140 

100 

120 

III 

120 

140 

100 


20% protein group 


Period 

, 

T.D.N.—Group 5 
(Holsteins) 

Period 

T.D.N.—Groi 
(Guernseys 

ip 6 
) 

Bull 


Bull 

13 

14 

15 

16 

17 

18 

I 

100 

120 

140 

i 

100 

130 

* 140 

11 

120 

140 

100 

ii. 

140 

100 

120 

III 

140 

100 

120 

in 

120 

140 

100 


* Figures within the TJ).N. groups represent the T.D.N. level fed in terms of % of 
Morrison’s (10) recommended maintenance standard for good dry cows under usual con¬ 
ditions. 


tion was diluted with yolk-citrate diluent (18, 23) and shipped by the Co¬ 
operative to its affiliated local units throughout New York state for use in in¬ 
seminating cows. Semen samples which did not meet the specifications for 
shipment were discarded. This fact in itself was used as an additional over¬ 
all criterion of semen quality. 
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The dilution rates employed varied from 1:39 to 1:99 depending on the 
need for semen on any particular day. These varying dilution rates were 
not confounding factors within the experiment, as shown by the investiga¬ 
tions of Salisbury (15). 

The evidence on the fertility of the semen samples was obtained from the 
number of services to cows being bred for the first time in any service period* 
and whether or not these cows returned to artificial service during a period 
of 5 months. For each experimental period the total number of these first 
services and the total number of 5 months’ non-returns to these same first 
services were used to calculate the per cent of non-returns (16). The signifi¬ 
cance of differences observed was tested by covariance analysis (22). 

In order to establish the initial liveweight and the body weight changes 
of each bull, the bulls were weighed on 3 consecutive days at the beginning of 
the experiment and at the end of each 90-day experimental period. 

RESULTS AND DISCUSSION 

The results of the investigation are presented in five parts, namely, the 
calculated average intake of digestible protein and T.D.N. of each group at 
each level of intake, the characteristics of the semen produced, the fertility 
of the semen used, the changes in body weights of the bulls, and a tenta¬ 
tive feeding standard for mature dairy bulls. 

Calculated intakes of T.D.N. and digestible protein. The intakes of 
T.D.N. and digestible protein for each of the groups of bulls at the three 
levels fed are shown iu table 3. The values were caleulated from the 
amounts of feed fed, the chemical composition of the feeds, and the average 
digestion coefficients given by Morrison (10). 


TABLE 3 

Calculated averaae total pounds T.D.N. and diqestible protein fed per bull per day 


Protein 
level of 
concentrate 

Constituent 

Calculated amounts at T.D.N. levels of 

100% 

120% 

140% 

Av. 

(%> 


(lb.) 

(ib.) 

ob.) 

(ib.) 

12 

T.D.N. 

12.98 

15.64 

18.18 



Digestible protein 

1.25 

1.51 

1.75 

1.51 

16 

T.D.N. 

12.79 

15.31 

17.92 



Digestible protein 

1.40 

1.68 

1.96 

1.68 

20 

T.D.N. 

12.79 

15.35 

17.74 



Digestible protein 

1.64 

1.97 

2.28 

1.96 

Av. % T.D.N. 

12.85 

15.43 

17.95 

... 


Semen characteristics . The mean values and the least differences be¬ 
tween means required for statistical significance on ejaculates from which 
the means were derived are shown in table 4. These means represent first, 
second, Ihird, and in few instances, fourth ejaculates. 
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It should be pointed out that the effect of protein levels was measured 
less precisely by the experimental design used than was the effect of the 
T.D.N. levels. The results as shown in table 4 are interpreted to mean that 
rather wide ranges of T.D.N. accompanied by considerable shifts in body 
weight, as will be shown later, can be fed mature bulls for at least 90 days 
without influencing semen production. The data also indicate that no 
more protein need be fed than that supplied in the roughage and the 12 
per cent protein concentrate mixture. 

TABLE 4 

Summary of semen characteristics 


Semen characteristics 



Vol. 

Motility 

No. of 
sperm 

P er 

mm.s' 

Total 

no. 

sperm 

per 

ejac. 

Methy¬ 

lene 

blue 

reduc¬ 

tion 

time 

Dis¬ 

carded 

ejacu¬ 

lates 


<**•> 

<%>. 

(xW) 

(x 109) 

(min.) 

(%> 

T.D.N. level fed 






100% mean. 

5.70 

72.7 

1,219 


5.03 

43.2 

No. of ejaculates ... 

216 

179 

197 

197 

161 

215 

120% mean. 

5.64 

73.5 

1,226 

7,197 

5.04 

37.8 

No. of ejaculates ... 

281 

244 

249 

249 

216 

281 

140% mean. 

6.50 

73.2 

1,220 

6,788 

4.97 

40.8 

No. of ejaculates .... 

246 

211 

219 

219 

186 

246 

Protein level fed 







12% mean . 

6.08 

74.3 

1,198 

7,359 

5.08 

36.1 

No. of ejaculates ... 

246 

214 

220 



246 

16% mean . 

5.93 

73.9 

1,176 

7,178 

5.15 

41.4 

No. of ejaculates ... 

248 

209 

225 

225 

178 

248 

20% mean . 

4.91* 

71.21 

l,272t 

6,5441 


44.3 

No. of ejaculates. 

248 

211 

220 

220 

182 

248 

Least significant differ¬ 
ence for 2 selected 
means 







5% level . 

-t 

2.34 

82 

588 

_ 


1% level . 

0.49 

— 

- 

- 

- 

- 


* Significant at 5% level of probability, 
t Significant at 1% level of probability. 
t-=Difference between treatment means not significant. 


Fertility of the semen used. The fertility data were obtained only 
on those ejaculates meeting the relatively high standards of semen quality 
required by the New York Artificial Breeders’ Cooperative, Inc. These 
data presented in summary form in table 5, show, by treatments, the 
total number of first services, the total number of 5 months’ non-returns, and 
the calculated per cent of non-returns. Although there is a trend indi c ate d 
by the results, especially with respect to the bulls fed the different protein 
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TABLE 5 


Summary of fertility data 


Treatments 

Fertility criteria 

Total first 
services 

Total 5 months' 
non-returns 

% non-returns 

T.D.N. level fed 




100% 

7,360 

3,998 

54.3 

120% 

9,419 

5,168 

54.9 

140% 

8,198 

4,582 

55.9 

Protein level fed 




12% 

10,190 

5,863 

57.5 

16%. 

8,260 

4,429 

53.6 

20% 

6,527 

3,456 

52.9 


levels, the wide variability in the fertility results of individual bulls makes 
these differences statistically insignificant. 

Body weight changes . Mean initial body weights, mean body weight 
changes, and their standard errors are given in table 6. 

Body weight changes at all levels of T.D.N. fed were significantly dif¬ 
ferent from each other, while differences in body weight changes between 
protein levels were not. No significant T.D.N.-protein level interactions or 
T.D.N. carry-over effects were obtained. 

A tentative feeding standard for mature dairy bulls . The relationship 
between the average body weight during two consecutive experimental feed¬ 
ing periods, in one of which there was a loss and in the other a gain in 
weight, and the estimated pounds of T.D.N. per day required to maintain 
this average weight are shown in figure 1. 

TABLE 6 


Mean initial body weights , mean body weight changes, and standard errors 
of the means for treatments 


Treatment 

Initial body 
weight 

Body weight 
changes < 


(lb.) 

(16.) 

T.D.N. levels fed* 



100%. 

1,862+ 85 

-46.4+ 9.21 

120% . 

1,770+ 70 

43.4+ 9.31 

140% . 

1,767 ± 83 

102.4 ± 11.81 

LSD! 5% level. 


43.4 

LSD 1% level 


52.5 

Protein levels fed 



12% . 

1,770 ±163 

135.7 ±35.2 

lfl%. 

1,736 ±153^ 

88.2 ±26.6 

20% ... 

1,739 ±117 

83.3 ± 28.9 


* Initial body weights for the T.D.N. levels represent the body weights at the begin¬ 
ning of the period in which the T.D.N. levels were fed. For protein levels the initial 
weight represents weights taken at the beginning of the experiment, 
t Highly significant statistically. 
t LSr — Least significant difference. 
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. The linear correlation coefficient, r - 0.944, and the linear regression co¬ 
efficient, b yx - 0.006613, as determined from the plotted values shown in 
figure 1, were both highly significant statistically. On the other hand, 
the deviations from linear regression were not significantly statistically. 
Therefore, the authors believe that the linear regression equation, Y = 2.33 
+ 0.006613 X where Y is the pounds T.D.N. required at body weight X, fur¬ 
nishes a satisfactory basis for the establishment of a tentative feeding stand¬ 
ard for mature dairy bulls. 



Fig. 1. Scatter diagram showing regression of pounds T.D.N. required per day on 
average body weight. (The points plotted were arrived at in the following manner: 
Average body weight = initial weight of the first period + final weight of the second 
period * 2. The estimated pounds T.D.N. per day required to maintain the average body 
weight = pounds T.D.N. fed per day during the period in which there was a loss in weight 
increased by an amount equal to the fraction, pounds loss in weight * pounds total change 
in weight, regardless of sign, x the difference in pounds T.D.N. per day fed during the 
two consecutive experimental feeding periods.) • 

Table 7 shows the calculated pounds of T.D.N. required per day for 
bulls of body weights from 1,200 to 2,600 lb. and the respective concentrates 
and hay equivalents when the concentrates furnish 40 per cent and the hay 
60 per cent of the daily T.D.N. requirement. 

In terms of a practical feeding schedule, the standard in table 7 reduces 
itself to the feeding of 0.46 lb. of concentrate mixture and 1.0 lb. of hay at 
the lowest body weight and 0.40 lb. of concentrate mixture and 0.9 lb. of 
hay at the greatest body weight per 100 lb. body weight per day. Further- 
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more, it appears that for mature dairy bulls a concentrate mixture contain¬ 
ing approximately 12 per cent protein, when fed with mixed hay, will 
supply sufficient protein for maintenance of body weights as well as 
satisfactory semen production. 


TABLE 7 

Tentative feeding standard for mature dairy bulls * 


>dy weight 
of bull 
(lb.) 

Total lb. digestible 
nutrients required 
per bull per day 

■ 

Pounds of 75% 
T.D.N. concentrate 
to supply 40% of 
total daily T.D.N 
requirement 

Pounds of 50% 
T.D.N. mixed liay 
to supply 60% 
total daily T.D.N. 
requirement 

1,200 

10.27 

5.5 

12.3 

1,300 

10.93 

5.8 

13.1 

1,400 

11.59 

6.2 

13.9 

1,500 

12.25 

6.5 

14.7 

1,600 

12.91 

6.9 

15.5 

1,700 

13.57 

7.2 

| 16.3 

1,800 

14.23 

7.6 

17.1 

1,900 

14.89 

7.9 

17.9 

2,000 

15.56 

8.3 

18.7 

2,100 

16.22 

8.6 

19.5 

2,200 

16.88 

9.0 


2,300 

17.54 

9.4 

21.0 

2,400 

18.20 

9.7 

21.8 

2,500 

18.86 

10.1 

22.6 

2,600 

19.52 

10.4 

23.4 


* Based on the regression equation: T - 2.33 + 0.006613X, where T = T.D.N. required 
at body weight X 


SUMMARY 

Using 18 bulls, 9 Holstein-Friesians and 9 Guernseys, studies were con¬ 
ducted relating measurable semen characteristics, relative fertility, and 
body weight changes to T.D.N. intake levels of approximately 100, 120, 
and 140 per cent of recommended maintenance requirements for dry dairy 
cows of equivalent .weights fed simultaneously with concentrate mixtures 
containing 12,16, and 20 per cent total protein. 

These relatively wide ranges of T.D.N. intake, accompanied by con¬ 
siderable shifts in body weight, can be fed mature bulls for at least 90 days 
without influencing semen production or fertility. Under the conditions 
of this experiment, 12 per cent of protein in the concentrate mixture fed 
with mixed hay, containing approximately 10 per cent of legumes, sup¬ 
plied enough protein for semen production and the maintenance of fertility. 

Based on the results of this experiment, a tentative feeding standard 
for mature dairy bulls used routinely in artificial insemination is proposed. 
In terms of a practical feeding schedule, such a standard reduces itself to 
approximately 1 lb. of hay and 0.4 to 0.5 lb. concentrate mixture daily per 
100 lb. of body weight. 
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The authors are indebted to R. P. Elliott, Laboratory of Animal Nutri¬ 
tion, Department of Animal Husbandry, Cornell University, for the chemi¬ 
cal analysis of the feeds used. 
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Paul St., Box 909, Rochester 3 
Sabel, Samuel, 60 Grammercy Park, 
N. Y. 10 

Skidmore College Library, Saratoga 
Springs 

Solvay Process Co., Librarian, Syracuse 

Solvay Sales Corp., 40 Rector St., N. Y. 
Spalding, R. W., Animal Husb. Dept., 
Cornell Univ., Ithaca 
Squibb & Sons, Library, 25 Columbia 
Heights, Brooklyn 2 

St. Lawrence Univ., Agr. & Tech. Inst., 
Canton 

Staples, T. M., Greystone Farm, R. Rt. 
3, Auburn 

State Inst, of Agr., Library, Farming- 
dale, Long Island 

S WANNER, R. O., Dept, of Health, 412 
Rogers Bldg., Glen Falls 
Switzerland Cheese Assn., Inc., 105 
Iludson St., N. Y. 13 
Tarbell Guernsey Farms, Smithville 
Flats 

Thompson, J. Walter Co., 420 Lexing¬ 
ton Ave., N. Y. 17 

Tinklepaugh, Arthur, 1004 Morgan 
Bldg., Buffalo 2 
Tioga Mills, Inc., Waverly 
Treuil, Raymond, Commercial Counselor, 
610 Fifth Ave., N. Y. 22 
Vet., H.Q. First Army, Governors Island 
Vet., Air Defense Command, Mitchell 
Field 

Vet., U. S. Disciplinary Barracks, 
Green Haven 
Vet., Ft. Jay 
Vet., West Point 

Vet., N. Y. Q.M. Purchasing Office, N. 
Y. 3 

Vet., Ft. Hamilton 

Vet., Ft. H. G. Weight, Long Island 
Sound 

Vet., Rome Army Air Field, Rome 
Vet., Ft. Wadsworth 
Vet., Schenectady Gen. Depot, Sche¬ 
nectady 
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Vet., N. Y. Poet or Embarkation, 1st 
Ave. & 58th St., Brooklyn 

Vet., Q.M. Market Center, 111 E. 16th 
St., N. Y. 3 

Vet., First Army Area Lab., Vet. Sec¬ 
tion, 90 Church St., N. Y. 

Vet., Office of the Surgeon, European 
Theater of Operation, A.P.O., 757, 
c/o P.M., N. Y. 

Vita-Vim Millers, 135 Scott St., Buffalo 

Zausner & Co., 175 Franklin St., N. Y. 
13 

Zoller, John F., B.R. 1, Valhalla Farm, 
Hammond 


Associate Subscribers: 

Bennett, S. B., Natl. Milk Sugar Co., 
Div. of Borden Co., Bainbridge 
Casein Co. of America, Attn: J. F. 
Corwin, Bainbridge 

Dunham, B. H., Hydrox Ice Cream Co., 
Inc., Van Dam St., Long Island City 
Hutt, Henry W., Hutt's Dairy, 751 
Tonawanda St., Buffalo 
Bexford, P., B. W. Jones, Inc., 70 E. 
Ferry St., Buffalo 

Sealtest Lab., Dodd's Alderney Dairy, 
202 Walden Ave., Buffalo 
Sealtest Lab., Gen. Ice Cream Corp., 
710 Eastern Ave., Schenectady 
Speaks, Charles, Milk Ind. Foundation, 
Chrysler Bldg., N. Y. 17 

Student Affiliates: 

Beardsley, John P., Wing Hall, Ithaca 


Bissell, Alice Jane, 403 Elmwood Ave., * 
Ithaca 

Bobrow, A. E., 1615 Union St., Brooklyn 
13 

Diamond, Milton, 520 Washington Ave., 
Albany 3 

G$enci, Joseph J., 63 Lux St., Bochester 
5 

Jakeman, Brooks B., Bellain Ave., Har¬ 
rison 

Kahn, N. H., 319 College Ave., Ithaca 

Kane, Ginja Gangadhar, c/o C. M. Mc- 
Cay, Dairy Bldg., Cornell Univ., Ithaca 

Kimble, Thomas L. ? 426 N. Titus Ave., 
Ithaca 

Perham, W. H., Jr., 28 Main St., Can- 
isteo 

Pokras, Harold, Dairy Bldg., N. Y. 
State Inst, of Agr., Cobleskill 

Reese, Arthur J., 154 Second Ave., 
North Troy 

Reiter, Tuly, Dairlea-General Lab., 810 
Burnett Ave. Syracuse 1 

Rhodes, Ollen C., P.O. Box 684, Lake 
Placid 

Rosenberg, Alvin 8 ., 161 Nott Terrace, 
Schenectady 

Shipe, W. F., Jr., Dairy Bldg., Cornell 
Univ., Ithaca 

Simon, Samuel, 178 Bockaway Parkway, 
Brooklyn 12 

Solomon, Sidney, 106 Center St., Ellen- 
ville 

TuckeRj Charles W., 9241 173rd St., 
Jamaica 3 

Young, Harold, 12 Nelson Ave., Ossin¬ 
ing 


North Carolina 


Members; 

Arbuckle, W. S., Dept, of Animal Ind., 
N. C. State College, Raleigh 
Arey, J. A., State College Stat., Raleigh 
Booker, W. H., Dir., Div. of Engr., State 
Board of Health, Raleigh 
Clevenger, W. L., Dairy Dept., N. C. 

State College, Raleigh 
Cobb, Herbert H., B.F.D. 2, 33 Bogerson 
Dr., Chapel Hill 

Oolvard, Dean W,, Dairy Husb. Dept., 
N. C. State College, Raleigh 
Elliott, F. I., Animal Husb. Dept., N. C. 

State College, Raleigh 
Faibes, E. W., Coastal Plain Sta., Wil¬ 
lard 

Goforth, Howard J., Coble Dairy Prod¬ 
ucts, Lexington 

Grxnnell, C. D., State College Stat., 
Raleigh 

Hilton, J. H., Dept, of Animal Ind., 
Univ. of N. C., Raleigh 
Kennedy, W. L., A & T College, Greens- 
4 boro 

Lucas, Henry L., Jr., Inst, of Statistics, 
N. C. State College, Raleigh 


Roberts, W. M., Dept, of Animal Ind., 
N. C. State College, Raleigh 

Ruffner, R. H., Dept, of Animal Husb., 
State College Sta., Raleigh 
*Speok, MARyiN L., Dept, of Animal Ind., 
N. C. State College, Raleigh 

Strobel, D. R., Dairy Div., Dept, of Agr., 
Raleigh 

Waugh, R. K., Dept, of Animal Ind., 
N. C. State College, Raleigh 
*Wynn, Robert L., Box 68. A & T Col¬ 
lege, Greensboro 

Subscribers: 

Animal Nutrition Section, Dept, of 
Animal Ind., N. C. State College, 
Raleigh 

Coble Dairy Prod., Inc., Herbert H. 
Cobb, Wilkesboro 

Dept, of Health, New Hanover County, 
Wilmington 

Duke Hospital Library, Durham 

Library, Agr. & Tech. College, Greens¬ 
boro 

Melville Dairy, Burlington 

Southern Dairies, Inc., Winston-Salem 

Vet., Ft. Bragg 
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North Dakota 


Members: 

•Beck, Lyle D., Dairy Husb. Dept., N. 

Dak. Agr. College, Fargo 
# Bland, Harvey, 101 9tb Ave., N. W., 
Mandan 

Espe, Dwight L., Dairy Husb. Dept., 
N. Dak. Agr. College, Fargo 
Gaalaas, R. F., U. S. Dairy Sta., Mandan 
Jensen, C., Dairy Husb. Dept., N. Dak. 
Agr. College, Fargo 


Subscribers: 

Library, N. Dak. Agr. College, Fargo 
Murphy, Wm. J., Dairy Commissioner, 
State of N. Dak., Bismarck 
State Laboratories Dept., Lock Drawer 
900, Bismarck 

Student Affiliates: 

Kelley, Robt. O., Dairy Dept., N. Dak. 
Agr. College, Fargo 

Olson, Clarence C., Dairy Ext. Div., 
N. Dak. Agr. College, Fargo 


Ohio 


Members: 

Alexander, C. B., Akron Pure Milk Co., 
273 Bowery St., Akron 8 
Almy, E. F., Dept, of Agr. Chem., Ohio 
State Univ., Columbus 10 
Alter, John R., 128 W. 10th Ave., Co¬ 
lumbus 

Anderson, O. E., Ohio Dairy Prod. Assn., 
5 E. Long St., Columbus 15 
Armstrong, T. V., 44 E. Frambes Ave., 
Columbus 

Aylesworth, Robert D., R. R. 3, Hamil 
ton 

Babcock, Wayne, 945 Berdan Ave., 
Toledo 

Bachtel, R. T., c/o The Borden Co., 
Noaker Div., 1112 E. Tuscarawas St., 
Canton 1 

Raisler, Walter R., 642 McClurg Rd., 
Youngstown 5 

Baker, Ivan R., Darke Co., Health Dept., 
Greenville 

Baker, Neil R., 239 W. Spring St., Co¬ 
lumbus 

Baur, L. S., 653 Glenmont Ave., Colum¬ 
bus 2 

Bell, Henry, Rt. 2, Lafayette 
Bennett, C. L., c/o Matthews-Frechtling 
Dairy Co., 2363 St. James Ave., Cin¬ 
cinnati 6 

Berg, E. K., Novelty 
Billman, Joseph, 611 E. Market St., 
Washington C. H. 

Black, F. B., c/o Black ’s Creamery, 
1375 W. Park Ave., Piqua 
Black, Robert, 108 W. 5th St., Columbus 
Blackard, Virginia M., 1588 Ansel Rd., 
Cleveland 6 

Blackman, Chas. L., Ohio State Univ., 
Columbus 10 

Boehm, Gilbert M., 132 E. Court St., 
Urbana 

Botkin, Wendell, Borden’s Dairy, 125 
N. Fountain Ave., Springfield 
Bowers, John, 1343 Ida Ave., Columbus 
Braksl, William J., Plumb Hall, Ohio 
State Univ., Columbus 10 
Buchanan, T. B., 1086 N. 4th St., Co¬ 
lumbus 


Burgwald, L. H., Dairy Tech. Dept., 
Ohio State Univ., Columbus 10 
Burkey, L. C., Creamery Package Mfg. 

Co., 500 Broadway, Toledo 
Campbell, E. E., White Mountain Cream¬ 
ery, 124 W. Wayne St., Lima 
Campbell, F. M., c/o Andalusia Dairy 
Co., Salem 

Carmean, Matthew E., c/o Borden Co., 
Marion 

Carver, Fred W., Rt. 1, Holland 
Charles, Donald A., 1132 Piermont Rd., 
Cleveland 2 

Chrysler, L. H., 322 S. Roys Ave., Co¬ 
lumbus 

Clouse, S. H., Box 433, Springfield 
Compton, Ernest, Field Mgr., Isaly’s 
Inc., 2800 N. nigh St., Columbus 2 
Cook, Paul L., 2969 Mountview Rd., 
Columbus 

Corn, Orville, Meyer Dairy Prod., 3051 
E. 63rd St., Cleveland 
Daniels, Paul, Flordell Farms, Kenton 
Davis, Myron, Himes Bros. Dairy, 1572 
Germantown St., Dayton 
Denlinger, H. E., 809 Quimby Ave., 
Wooster 

Dennis, J. Drexel, 1441 Plain Ave., 
N. E., Canton 4 

Diehl, M. W., 275 Pleasant Valley Rd., 
Cleveland 9 

Dissly, L. P., 3068 W. 106th St., Cleve¬ 
land 11 

Dodd, D. R., 201 Townshend Hall, Ohio 
State Univ., Columbus 10 
Drain, H. D., Peoples Dairy Co., Inc., 
934 Grant St., Akron 
Drake, Max, Tiffin 

Dreyer, Virgil O., 219 E. 5th St., Day- 
ton 2 

Drusendahl, L. G., 1311 Arlington Rd., 
Lakewood 7 

Eckles, Wm. Clarence, 3436 Euclid 
Hts. Bird., Cleveland Hts. 

Ellsworth, Perry, 94 W. Dominion, 
Columbus 

Erb, J. Hoffman, 1697 Berkshire Rd., 
Columbus 8 
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Fishkb, Chab. E., 1101 Miller Ave., Co¬ 
lumbus 6 

Frohring, Paul B., Chagrin Falls 
♦Frohring, W. 0., Box 232, Chagrin Falls 
Garrett, 0. F., c/o M & B Dietetic Labs., 
Inc., 585 Cleveland Ave., Columbus 16 
Gebhardt, H. T., Bt. 5, Marysville 
Gingery, Boy, 320 Clinton St., Findlay 
Gunther, George E., 1829 E. 55th St., 
Cleveland 3 

♦Guthrie, James E., 24 Morgan Ave., 
Ashland 

Hamilton, Harold, B. B. 1, Burton 
Hamilton, Robert, Willard Dairy, Wil¬ 
lard 

Hamilton, T. Kline, Diamond Milk 
Prod. Inc., 315 Graham St., Columbus 3 
Harman, Thomas D., 325 S. Court St., 
Circleville 

Heckler, J. C., Port Clinton 
Helwig, John H., College of Vet. Med., 
Ohio State Univ., Columbus 10 
Hibbs, John W., Ohio Agr. Expt. Sta., 
Wooster 

Holeski, Cashmere, Peninsula 

Holeski. Frank, Peninsula 

Holm, Ward, c/o Columbus Milk Diet. 

Assn., 35 E. Gay St., Columbus 15 
Irvin, Harry, 379 Adair Ave., Zanesville 
Jewell, B. M., Jewell Ice Cream & Milk 
Co., Mount Vernon 

♦Johnston, Harvey L., 40 E. Warren St., 
Columbus 

Johnston, W. L., Westerville Creamery 
Co., Westerville 

Josephson, D. V., Dept, of Dairy Tech., 
Ohio State Univ., Columbus 10 
Kaeser, Harold, 4871 Olentangy Rd., 
Columbus 2 

Kahler, Karl M., Ohio Council of Retail 
Merchants, 175 S. High St., Columbus 
Kahler, Lorin 0., R.F.D. 2, Massillon 
•Kellogg, Richard H., 1224 Alton Darby 
Rd., Columbus 4 

Kennedy, Roland N., 165 N. Washing¬ 
ton Ave., Columbus 16 
Kesselring, L. M., Kesselring Dairy, 
1559 Triplett Blvd., Akron 6 
Knoop, C. E., Ohio Agr. Expt. Sta., 
Wooster 

Koch, Irving O., Borden Dairy & Ice 
Cream Co., Columbus 16 
Kolar, Raymond E., 702 Broadway, 
Piqua 

Krauss, W. E., Ohio Agr. Expt. Sta., 
Wooster 

Krill, W. B., Vet. Clinic, Ohio State 
Univ., Columbus 10 

Lamb, Walter, 704 Iriquois Rd., Belle- 
fontaine . 

Larson, B. A., Ohio Dairy Prod. Assn., 
5 E. Long St., Columbus 15 
Leeder, Joseph, Ramsey Labs., Inc., 
Lisbon Rd. & Evins Ave., Cleveland 4 


Lehman, Lester, 3900 Spokane Ave., 
Cleveland 9 

Lengacher, John, Bt. 1, Dundee 
Lowe, Robert W., 1841 Second St., Cuya¬ 
hoga Falls 

Lyman, J. F., Dept, of Agr. Chem., Ohio 
State Univ*, Columbus 10 
Mann, S. M., 19234 Winslow Rd., Shaker 
Heights 

Mapp, George R., Room 5, Masonic Tem¬ 
ple, Troy 

Marcy, Charles S., c/o C. S. Marcy, Mt. 
Sterling 

Martin, Robert L., 144 E. 13th Ave., 
Columbus 

McBride, Charles Grover, 1999 Elm¬ 
wood Ave., Columbus 8 
McClure, Robert J., 1957 Coventry Rd., 
Columbus 8 

* McGee w, C. D., Plumb Hall, Ohio State 
Univ., Columbus 10 

McKenzie, Carl W., Farmer’s Equity 
Union Creamery Co., Bellefontaine 
McMunn, Earl, 1013 Rockwell Ave., 
Cleveland 14 

Meeks, Benton, 1555 Elbur Ave., Lake- 
wood 7 

♦Meister, Arthur E., 650 Leonard St., 
Toledo 

Miller, Roy, R. R. 2, Canton 
Mindling, Luther E., 198 N. Roosevelt 
Ave., Columbus 9 

Mizer, E. A., Hillcrest Dairy, Inc., Cadiz 
Monroe, C. F., Ohio Agr. Expt. Sta., 
Wooster 

Moore, R. F., 918 Kenwick Rd., Columbus 
Moores, C. M., The Cowles Detergent Co., 
7016 Euclid Ave., Cleveland 3 
Nadeun, Eugene Paul, 819 Quimby 
Ave., Wooster 

Nass, Edwin, 5301 Cottage Ave., Piqua 
Nisbet, J. C., Southern Hotel, Columbus 
15 

Otting, H. E., R. R. 3, Westerville 
Patton, Stuart, Dept, of Dairy Tech., 
Ohio State Univ., Columbus 10 
Perkins, A. E., Exp. Sta., Wooster 
Peters, George W., 305 Piedmont Rd., 
Columbus 

Pfaff, Bernard, Room 740, Y.M.C.A., 
40 W. Long St., Columbus* 

Pfeffer, John C., 7204 Montgomery Rd., 
Cincinnati 13 ' 

Poundkn, William D., Dairy Dept., Ohio 
Agr. Expt. Sta., Wooster 

♦Pratt, H. R., 226 Denison Ave., Elyria 
Putnam, Dexter, Amcr. Jersey Cattle 
Club, Columbus 15 

Ramsey, R. J., 21853 Cromwell, Rocky 
River Branch, Cleveland 
Rathbun, Gordon P., Ill E. Forest St., 
Clyde 

Rhoades, Paul L., 2776 Albrecht Ave., 
Akron 
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Ross, Richard M., Box 959, Columbus 16 
Salisbury, S. M., Animal Husb. Dept., 
Ohio State Univ., Columbus 10 
•Schaiblb, Philip J., 1232 Enquirer 
Bldg., Cincinnati 2 

Schellinger, Kern K., 514 Woodbury 
Ave., Columbus 4 

Schroer, C. J., 137 N. 8th St., Upper 

Sandusky 

Sell, C. G., 615 Dayton Ave., Springfield 
Sewell, W. E., Procter & Gamble Co., 
M. A. & R. Bldg., Ivorydale 17 
Shafer, Reed, Box 1 32, Greenville 
Shaffer, Wesley A., 1937 Northwest 
Bird., Columbus 

Shelton, Elbert M., Baker Labs., Inc., 
. 2000 W. 14th St., Cleveland 13 
Blatter, Walter L., Dept, of Dairy 
Tech., Ohio State Univ., Columbus 10 
Smith, Duke L., 3875 W. 130th St., 
Cleveland 11 

Smith, James T., Box 5587, Cleveland 1 
Smith, Wayne E., 1360 S. Ohio Ave., 
Columbus 6 

Sopko, Paul M., c/o Isaly, Inc., 2800 N. 

High St., Columbus 2 
Sprague, A. L., Jackson Center Creamery, 
Jackson Center 

♦Stansbury, James L., 773 Bulen Ave., 
Columbus 

Starbuck, Raymond R., Plumb Hall, 
Ohio State Univ., Columbus 10 
Steiner, John, Baltic 
Stiver, Hugh F., Rt. 2, Lewisburg 
Stoltz, Philip C., 1971 Concord Rd., 
Columbus 

Strait, Howard, 554 Colonial Ave., 
Worthington 

Stuckeman, Howard W., Box 164, Kins¬ 
man 

Sutermeister, L. A., The Red Wing 
Corp,. Dayton 1 

Sutton, T. S., Animal nusb. Dept., Ohio 
State IJniv., Columbus 10 
Swinehart, Michael F., 3740 Carnegie 
Avo., Telling-Belle Yernon Co., Cleve¬ 
land 15 

Thomas, Robert (\, 35 E. 7tli St., Cin¬ 
cinnati 

Titus, R. W., Nestles Milk Prod., Inc., 
Control Lab., Marysville 
Traver, Lester, 206 Adrian St., Delta 
Tucker, Hubert, Worthington 
Van Atta, A. J., 153 Erie St., Oak 
Harbor 

Vroman, V. S., Defiance Milk Prod. Co., 
Defiance 

Wagner, Wm., Canal Fulton 
Way, H. O., 308 Western Reserve Bldg., 
Cleveland 13 

Wehr, C. G., 725 East Ave., Hamilton 
Weiser, Harry H., Dept, of Bact., Ohio 
State Univ., Columbus 10 
Wbttlxng, G. R., 132 S. 8th St., Upper 
Sandusky 


Wickham, J. C., 4227 W. 36th St., Cleve¬ 
land 

Wilson, Horace K., 330 E. Pain St., 
Washington C. H. 

Wischusen, 15031 Shore Acres Dr.,* 
Cleveland 10 

Wokbkf.nberg, Norbert H., 1345 Joseph 
St., Cincinnati 

Woodyard, W. O., Cudahy Packing Co., 
Washington C. H. 

Zelm, Rudolph P., 1669 E. 82nd St., 
Cleveland 3 

Zimmerman, Harlze F., 2564 Portsmouth 
Ave., Toledo 

Subscribers: 

Agr. Control Labs., 87 N. 4th St., Co¬ 
lumbus 

American Jersey Cattle Club, 307 N. 
6th St., Columbus 

Animal Disease Research Lab., Reyn¬ 
oldsburg 

Arista Corp., 45 N. Remington Rd., 
Columbus 

Belle Center Creamery & Cheese Co., 
Belle Center 

Campbell Sanford Adv. Co., 1105 Ches¬ 
ter Ave., Cleveland 14 
Chemical Abstracts, Ohio State Univ., 
Columbus 10 

Ciierry-Burrell Corp., 1615 E. 25th St., 
Cleveland 

Cleveland Public Library, Serials 
Dept., 325 Superior Ave., Cleveland 14 
College Book Exchange, 1825 Colling- 
wood Blvd., Toledo 2 
Columbus Milk Council, Inc., 5 E. 
Long St., Columbus 

Dairy Husb. Dept., Room 304, Plumb 
Hall, Ohio State Univ., Columbus 10 
Distiller's Feed Research Council, 
1232 Enquirer Bldg., Cincinnati 2 
Falter, John B., Lincoln Highway 
Dairy, Delphos 

Finneoan, Edw. J., Lake Road W., 
Country Club Area, Ashtabula 
Fisher Dairy & Cheese Co., Wapakoneta 
Fuller & Smith & Ross, Inc., 1501 Eu¬ 
clid Ave., Cleveland 15 
Gem City Ice Cream Co., 1005-11 W. 
3rd St., Dayton 7 

General Biochemicals Co., Laboratory 
Park, Chagrin Falls 

Great Lakes Indus. Labs., 2140 Jeffer¬ 
son Ave., Toledo 

Gundlach & Co., Box A, Cincinnati 3 
Harshaw Chemical Co., 1945 E. 97th 
St., Cleveland 6 

Harwood, Paul D., c/o Dr. Hess & Clark, 
Inc., Ashland 

Haymes, P. L., 2000 W. 14th St., Cleve¬ 
land 

Jones, Paul, Shanesville 
Kasco Mills, Inc., Attn: H. E. Davies, 
Toledo 
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Lewis, W. Walker, R. R. 11, Box 338, 
Dayton 9 

Library, Ohio Age. Expt. Sta., Wooster 
McConaughy, Robert F., Health Dept., 
Middletown 

McCoy, D. C., Frigidaire Div., Gen. 
Motors Corp., 300 N. Taylor St., Day- 
ton 1 

Merchants Creamery Co., Attn: J. T. 
Satchwell, 528 Livingston St., Cincin¬ 
nati 

Moore, W. V., R. R. 1, Worthington 
Municipal Reference Bureau, Room 
244, City Hall, Cincinnati 2 
Ohio State Univ. Library, Columbus 10 
Orrville Milk Condensing Co., Orrville 
Owens-Illinois Glass Co., Adv. Div., 
Toledo 

Owens-Illinois Glass Co., Research Li¬ 
brary, 1700 N. Westwood Ave., Toledo 
1 

Page, Arnold H., Page Dairy Co., Toled6 
Page, Carroll C., 527 N. Main St., Fos- 
toria 

Richards Milling Co., Cortland 
Robb, Kenneth N., Kimble Glass Div., 
P.O. Box 1035, Toledo 1 
Spellerberg, L. J., Chief Dairy Prod. 
Co., 422 W. Guthrie St., Upper 
Sandusky 

Sunshine Biscuits, Inc., Dairy Div., 
Grafton 

Univ. Hospitals of Cleveland, Library, 
2103 Adelbert Rd., Cleveland 6 
Yet., Columbus Army Service Forces 
Depot, Columbus 15 
Vet., Office of the Surgeon, Hq. Air 
Material Command, Wright Field, 
Dayton 

Vet., Air Materiel Command, Wright 
Field, Dayton 

Vet., Sta. Hospital, L.A.A.B., Columbus 
17 

Vet., Ft. Hayes, Columbus 
Vet., Erie Ordnance Depot, LaCarne 
Vet., Columbus Gen. Depot, Columbus 
Welsh, Harold B., R. R. 2, Richwood 

Associate Subscribers: 

Boals, B. Bi, The Page Dairy Co., Mans¬ 
field 

Broughton’s Farm Dairy, Inc., Mari¬ 
etta 

French-Bauer, Inc., Plum & Central 
Parkway, Cincinnati 

Ideal Milk Co., Alphonse Switalski, 
Portsmouth 

Kofron, John F., Hillside Dairy, 1418 
Warrensville Center Rd., Cleveland Hts. 
Lamont, R. A., Supreme Dairy Co., 115 
E. Milner St., Alliance 
Meyer Dairy Prod. Co., 3051 E. 63rd St., 
Cleveland 4 

Sealtbst Lab., Telling-Belle Vernon Co., 
3740 Carnegie Ave., Cleveland 


Williams, Blair, Fairmont Foods 
Co., 2310 W. 17th, Cleveland 

Student Affiliates: 

Abell, Carl, 154 E. Woodruff, Columbus 
Bacon, John, 86 W. Union, London 
Bahler, Keith, Sugar Creek 
Betzel, Fred, 14 W. Frambes Ave., Co¬ 
lumbus 1 

Cobb, Carl E., 1579 Indianola, Columbus 
Cooper, J. Paul, 33 14th Ave., Columbus 
Corwin, Paul, 17619 Archdale Ave., 
Lakewood 7 

Davis, Raymond E., Jr., 1202 W. 5th 
Ave., Apt. 8, Columbus 
. Derry, J. Robert, 290 E. Lane Ave., 
Columbus 1 

Eister, Ralph, 616 Woodland Ave., Van 
Wert 

Esh, G. C., Animal Husb. Dept., Ohio 
State Univ., Columbus 10 
Essel, David, 1426 E. Arlington, Colum¬ 
bus 3 

Fischer, Jessie, Baker Hall, Box 219, 
Ohio State Univ., Columbus 10 
Foor, Robert, Rt. 1, Carroll 
Foster, Dean, R. R. 3, London 
Frost, Don, 61 W. Frambes, Columbus 1 
Frye, J. R., 132 N. Sandusky St., Dela¬ 
ware 

Geiger, Harold, 33 14th Ave., Columbus 
Glass, Dale, 3377 Kenny Rd., Columbus 
Greiner, Fred J., 954 King Ave., Colum¬ 
bus 

Hamilton, Ralph L., 144 13th Ave., 
Columbus 

Hawkins, Geo. E., Dairy Husb. Dept., 
Ohio State Univ., Columbus 10 
Hillier, Harold G., R. R. 2, Frederiek- 
town 

Hird, Edw. W., 202 W. Harrison, 

Wapakonota 

Howe, Donald F., 2097 Summit St., 
Columbus 

Hullinger, Bruce T., 162$ W. North- 
wood, Columbus 

Jones, Charles Lewis, 68$ W. Maynard 
Ave., Columbus 2 

Jones, James, 183 W. 9th St., Columbus 
Kalapa, C. D., 94 McMillen Ave., Colum- 
bus * 

Keeney, D. O., 1357 Hamlet St., Colum- 
bus 

Ladrach, Eugene, 1597 Neil Ave., Co¬ 
lumbus 

Leiter, Dean J., 2815 Wayland Ave., 
Dayton 10 

Lovell, Fred, Jr., 42 Price Ave., Colum¬ 
bus 1 

McKelvey, Paul L., River Rd. Dormi¬ 
tory, Columbus 10 

Nisonger, Joseph, 93 Torrence Rd., 
Columbus 

Oliver, Harold E., Tau Kappa Epsilon, 
234 E. 17th Ave., Columbus 
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Paniqot, Eugene, 98 E. 14th Ave., 
Columbus 

Paxton, John, 29 E. Norwich Ave., 
Columbus 1 

Peterson, Raymond, R. R. 2, Courtland 

Poplin, Parry, 86 yr. Main St., Carroll¬ 
ton 

Queen, Wm. W., South Vienna 

Rasor, Ottis, Dairy Tech. Dept., Ohio 
State Univ., Columbus 10 

Reeder, Ernest L., 1375 W. 6th Ave., 
Apt. C, Columbus 8 

Renick, Ralph, 713 Kenwick Rd., Co¬ 
lumbus 

Revelos, George, Stadium Club, Ohio 
State Univ., Columbus 10 

Roberts James O., 236 N. Wayne Ave., 
Columbus 


Rodman, Charles, 313 N. Elm St., 
Prospect 

Rice, Ernest, 758 Amherst Rd., N.E., 
Massillon 

Runser, Wm. R., 903 Oxford Ave., Lima 

Ryser, Fred C., 72 E. Woodruff, Colum¬ 
bus 1 

Simmons, August I., Steubenville Rd., 
Cambridge 

Sprang, Ralph A., 1724 Rhoda Ave., 
Columbus 

Squires, Harold, 76 W. Woodruff Ave., 
Columbus 1 

Stafford, J. R., Rt. 2, Tipp City 

VOGELGESANG, CHARLES, 927 I Otll St., 
N.E., Massillon 

Warner, Richard G., 144 13th Ave., 
Columbus 1 

Zink, Wm. R., 922 Main St., Hamilton 


Oklahoma 


Members: 

Baumgardner, F. G., 1424 W. Delaware, 
Tulsa 

Berousek, E. R., Dept, of Dairying, 
Okla. A & M College, Stillwater 
Calvert, Richard W., Ardmore 
Cass, Early R, Box 1438, Tulsa 
Cave, II. W., Dairy Husb. Dept., Okla. 

A &• M College, Stillwater 
Crownover, Wm. M., Box 52, Pawhuska 
•Holland, Theodies H., Langston Univ., 
Langston 

Johnson, Paul E., Dept, of Dairying, 
Okla. A & M College, Stillwater 
Kuhlman, A. H., Dairy Dept., Okla. 

A & M College, Stillwater 
Loewenstein, Morrison, Dept, of 
Dairying, Okla. A & M College, Still¬ 
water 

McGilliard, P. C., Dairy Dept., Okla. 

A & M College, Stillwater 
Mennen, Gordon L., Carnation Co., 
Tulsa 

Olson, H. C., Dept, of Dairying, Okla. 

A & M College, Stillwater 
Schwarz, Lee R., Carnation Co. of 
Okla., Tulsa 

Stinnett, L. H., Ext. Serv., Okla. A & M 
College, Stillwater 

Townley, Robert C., 2401 Crcston Dr., 
Oklahoma City 

Trzcinski, Sam C., 2030 Denver, Musko¬ 
gee 

Subscribers: 

Agr. Library, Okla. A & M College, 
Stillwater 

Dept, of Animal Husb., Okla. A & M 
College, Stillwater 
Glocke, Gary C., Mountain View 
Library, Panhandle A & M College, 
Goodwell 

Swift & Co., Dairy & Poultry Plant, 
Enid 


Tucker, B. B., Jr., Reno Q.M.C. Depot, 
Ft. Reno 
Vet., Ft. Reno 
Vet., Ft. Sill 

Vet., Tinker A.A.F., Oklahoma City 
Student Affiliates: 

Brooks, O. W., 302 Knoblock, Stillwater 
Bruce, Jack, 224 Hester St., Stillwater 
Burkey, John P., 835 E. 2nd St., Cush¬ 
ing 

Clay, Clarence, Dairy Dept., Okla. 

A & M College, Stillwater 
Cohenour, Francis D., 139 N. Knob- 
lock, Stillwater 

Glenn, Wilburn E., 1223 College, Still¬ 
water 

Hays, Harold L., 504 N. Ramsey, Still¬ 
water 

Higbee, G. L., Rt. 4, Box 311A, Bartles¬ 
ville 

Hill, Chester M. Box 775, Ames 
Jander, John CL, R. R. 1, Enid 
Kuhlman, A. H., Jr., 127 Admiral Rd., 
Stillwater 

McCrum, Roy B., 1013 S. 16th, Chick- 
asha 

McGlasson, E. D., 508 N. E. 8th, Okla¬ 
homa City 

Morris, Orval L., Unit 4, Apt. D, La- 
Rue Mid Veterans Village, Stillwater 
Parham, Bill S., Box 869, Stillwater 
Rutz, Bill, 302 Knoblock, Stillwater 
Schmidt, Kenneth F., 210 North G St., 
Muskogee 

Smith, John A., 1207 College Ave., Still¬ 
water 

Summers, M. Leo, Unit 1, Apt. 10, Vet¬ 
erans Village, Stillwater 
Taylor, Cecil E., Box 432, The Village, 
Stillwater 

Terrill, Robert E., Jr., Rt. 2, Guthrie 
Weinstein, Bernard, 423 Duncan St., 
Stillwater 
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Oregon 


Members; 

Brandt, P. M., Oreg. State Agr. College, 
Div. of Anim. Ind., Corvallis 
Elliker, P. B., Dept, of Bact., Oreg. 

State College, Corvallis 
Ewalt, 032 North 29th, Corvallis 
George, J. S., Tillamook Co. Creamery 
Assn., Tillamook 

Haag, J. R., Agr. Expt. Sta., Corvallis 
Henry, W. W., Dairy Coop. Assn., 1313 
S. E. 12th Ave., Portland 14 
Howell, H. B., Rt. 1, Box 921, Expt. 
Sta., Astoria 

Jones, Idwal R., Dairy Dept., Oreg. 

Agr. College, Corvallis 
Keyser, H. C.,c/o Dairy Supply Co., 
Inc., 506 S. E. Union Ave., Portland 
McKenzie, Fred, Oreg. State College, 
Corvallis 

MorSe, Roger W., Ext. Dairyman, Oreg. 

State College, Corvallis 
Muntz, Benjamin W., 2241 N. E. 12th 
Ave., Portland 12 

*Oloufa, Mohamed M., Animal Husb. 

Dept., Oreg. State College, Corvallis 
Raven, E. S., c/o Raven Creamery, 3300 
N. E. Union Ave., Portland 
Richardson, Geo. A., Dairy Husb. Dept., 
Oregon State Collego, Corvallis 
Sherwood, D. H., Box 572, Hermiston 
* Simmons, Y. N. Dept, of Agr., Salem 
Stein, Roy W., 1313 S. E. 12th St., Port¬ 
land 

Swanson, Edgar H., 2829 S. E. Bel¬ 
mont SI., Portland 15 
Waggoner, Ralph W., Box 333, Klamath 
Falls 

Webster, Harry L., Clatskanie 
Wilster, G. H., Dairy Husb. Dept., 
Oreg. State College, Corvallis 
Wolberg, F. B., Dairy Husb. Dept., 
Or eg. State College, Corvallis 


Subscribers: 

Bierly, Hubert, Rt. 1, Beaverton 
Campbell, Malcolm, Rt. 4, Albany 
Dairy Coop. Assn., 1313 E. 12th Ave., 
Portland 14 

Fairview Farms, 5200 N. E. Sacra¬ 
mento, Portland 

Library Assn, of Portland, 801 S. W. 

10th Ave., Portland 5 
Oregon Agr. College Library, Corvallis 
Oregon State Library, State Library 
Bldg., Salem 

State Dept.of Agr., Div. of Foods & 
Dairies, Salem 

Univ. of Oregon Med. School, Library, 
3181 S. W. Marquam Hill Rd., Port¬ 
land 1 

Vet., 532 Grand Ave., Astoria 
Student Affiliates: 

Cornett, Jack, 406 S. 15th St., Corvallis 
Covington, J ulius, 203 N. 21st, Corvallis 
Crouse, W. H., 140 N. 23rd St., Corvallis 
Dent, Wm. E., Rt. 1, Box 30, Corvallis 
FiscJhler, Bernard, 744 S. 14th, Cor¬ 
vallis 

Harper, Robert, 3543 N. E. 66th Ave., 
Portland 13 

Jacobs, B. L., Rt. 1, Box 30, Corvallis 
Johnson, Clarence E., 961 Van Buren, 
Corvallis 

Kent, Robert A., 330 N. 9t.h, Corvallis 
Parent, Herbert, Rt. 1, Freewater 
Pillster, Rodney E., Rt. 2, Box 260, 
Boring 

Rowe, Gordon A., Rt. 3, Box 6, Fisher- 
tope, Corvallis 

Smith, William R., Box 621, Baker 
Steinhauer, Ed, Blnchly 
Streif, Robert, 6140 S. W. Shattuck Rd., 
Portland 1 

Trigg, Donald R., Norway 
Walters, Allen, Rt. 1, Box 314A, 
Gresham 


Pennsylvania 


Members: 

Almqijist, John O., Dairy Husb. Dept,, 
Pa. State College, State College 
Alwine, Wilbert W., Somerset Pike, 
Johnstown 

Anders, Herbert K., Agr. Ext. Assn., 
Box 487, Williamsport 
Arnold, Richard N., 2125 E. Philadel¬ 
phia St., York 

Austin Carlton J., Supplee-Wills-Jones 
Milk Co., 15 S. 34th St., Philadelphia 4 
Barnhart, John L., 820 DeKalb St., 
Norristown 

Beau, A. Leland, State College 
Benny, Walter, 79 Rockland Ave., 
Bradford 


*Blatjser, Henry L., 51 Green St., Lan¬ 
caster 11 

Bords, Louis J., 2341 S. Warnock St., 
Philadelphia 48 

Borland, A. A., Dairy Husb. Dept., Pa. 

State College, State College 
Bracks, George M., Rieck-McJunkin 
Dairy Co., 1345 Forbes St., Pittsburgh 
Brock, O. Carlyle, 519r29 E. 18th St., 
Erie 

Bryan, Paul S., Rt. 1, Perkasie 
Christman, Earl K., 535 N. 11th St., 
Reading 

Clark, John I., Mgr., DuBois Dairy Co., 
DuBois 

Claxton, A. J., Meadow Gold Dairies, 
Inc., 126 Denniston Ave., Pittsburgh 
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Cohee, C. I., Philadelphia Inter-State 
Dairy Council, 234 S. 22nd St., Phila¬ 
delphia 3 

Coldren, John, Chester Springs 
Coleman, Paul E., R. D. 3, Bellevue, 
Pittsburgh 2 

Coleman, W. B., 6635 McCallum St., 
Philadelphia 19 

Connell, F. M., R. D. 2, Edinboro 
Dahle, Chester D., Dairy Dept., Pa. 

State College, State College 
♦Dawdy, Max L., Dairy Husb. Dept., Pa. 

State College, State College 
Deubler, E. C., Bucks County, Newtown 
Doan, F. J., Dairy Dept., Pa. State Col¬ 
lege, State College 

Dozier, Emmitt, Jr., 714 Fordham Ave., 
BrookHne 

Dutcher, R. Adams, 254 E. Hamilton 
Ave., State College 

Edinger, Floyd G., 429 N. Main Ave., 
Scranton 4 

Featro, Joseph G., 8 E. Fell St., Sum¬ 
mit Hill 

Folkers, E. C., 5521 Beverly Place, 
Pittsburgh 6 

Galliker, Louis, Galliker Ice Cream Co., 
453 Franklin St., Johnstown 
Gearhart, C. R., Pa. State College, State 
College 

Geyer, Frank E., 601 Laver Rock Rd., 
Glenside 

Gifford, C. G., 1692 Pioneer Ave., Pitts¬ 
burgh 26 

Gilmore, Herbert C., 213 Dairy Bldg., 
Pa. State College, State College 
Glenn, J. Robert, 318 Herman Ave., 
Lemoyne 

Click, D. P., 508 Sylvan Ave., Glenolden 
Gosser, Harold, 409 Warrington Ave., 
Pittsburgh 

Greenleaf, Frederick M., 1724 Congress 
St., Allentown 

Grow, Walter, Mgr., Fluid Milk Plant, 
265 Beech St., Pottstown 
Guerrant, N. B., Pa. State College, 
State College 

Hall, Clyde N., State College 
IIamor, William A., Mellon Inst., 4400 
Fifth Ave., Pittsburgh 
Heberlig, G. Wayne, 575 N. Plum St., 
Lancaster 

Hidinger, Orvis, 204 Times Bldg., Pa. 

Ave. & Spruce St., Scranton 
Horn, David Wilbur, Box 666, Bryn 
Mawr 

Jaggard, George, 2300 Locust St., Phila¬ 
delphia 3 

Johnson, Lawrence W., Whitmoyer 
Labs., Inc., Myerstown 
Jones, P. D., Dairy Dept., Pa. State 
College, State College 
Jordan, S. Fred, R. 1 ). 1, Stewartstown 
Juzi| Wm. H., 3496 N. 3rd St., Harris¬ 
burg 


Keen, Robert H., Queen Dairy Co., Inc., 
413-39 S. Queen St., Lancaster 
Kilgore, James, Rt. 1, Northampton 
King, Clifton J., Box 25, Dayton 
Kirk, J. J., 409 Maple Ave., DuBois 
Knodt, C. B., Dairy Husb. Dept., Pa. 

State College, State College 
Landes, Wm. L. S., Jr., 2301 W. Market 
St., York 

Lang, Julius F., 7831 Devon St., Phila¬ 
delphia 18 

Laughlin, John, Menzie Dairy Co., 1909 
River St., McKeesport 
Lawhorn, Robert K., 397 E. Upsal St. r 
Philadelphia 19 

Lenker, William S., R. D. 3, Harris¬ 
burg 

McCandless, J. Coulter, R. D. 5, Butler 
McCluse, Joseph W., New Wilmington 
*McDougall, R. H., Community Bldg., 
Butler 

MuGrail, Gerald, 5920 N. Fourth St., 
Philadelphia 20 

•McMiciiael, Harry S., Meadow Gold* 
Dairies, Inc., 126 Denniston Ave.,. 
Pittsburgh 6 

Meltck, La Rue T., 426 Memorial Ave., 
Grove City 

Miller, Charles H., Valier 
Moore, H. Allen, Box 408, Paoli 
Moore, Robert B., 1808 W. 24th Rt., Erie 
Morse, R. C., 1239 Buffalo St.., Franklin 
Naoeotte, Joe, Dairv Ext. Spec., 213- 
Dairy Bldg., State College 
Olmstead, R. n., Dairy Bldg., Pa. State 
College, State College 
Otto, B. Fr\nk. Otto Suburban Dairy, 
Inc., Camp Horne Rd., Box 4198, Belle¬ 
vue, Pittsburgh 

Parkhurst, Raymond T., Flory Milling 
Co., Bangor 

Parkin, Ivan E., Room 213, Dairy Ext.,. 
State College 

Pecora, Pasquo P., 34 E. Broad St., 
West Hazel ton 

Perry, N. A., Dairy Bldg., Pa. State- 
College. State College 
Pile, Wayne W., 350 W. Church St., 
Somerset 

Pratt, Hxrold T., Philadelphia Dairy 
Prod. Co., Inc., P.O. Box 267, Phila¬ 
delphia 5 

Rabild. IIelmer, Titusville Dairy Prod. 
Co.. Titusville 

Rahauser, George W., 5028 Smithfield’ 
Rd., Drexel 

Reith, Howard E., 5216 N. American 1 
St., Philadelphia 20 

Richards, John H., 126 Denniston Ave.,. 
c/o Meadow Gold Dairies, Inc., Pitts¬ 
burgh 

Rink, Clare W., Diamond Alkali Cb., 535 
Smithfield St., Pittsburgh 22 
Robison, Clyde S., Coal Center 
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Bohlf, John A., Farm Journal, Inc., 
Washington Sq., Philadelphia 5 
Boland, Charles T., P.O. Box 1346, Cal- 
gon, Inc., Pittsburgh 
Bueter, Fred A., Homestead Valve Mfg. 
Co., Coraopolis 

Saler, Morton, Chateau Crillon, Phila¬ 
delphia 3 

Sampet, J. J., Abbotts Dairies, Inc., 238 
Lombard St., Philadelphia 47 
Scott, Joseph C., Bt. 1, McCoy Rd., Mc¬ 
Keesport 

Seipt, Wilbur, Oakleaf Farm, Lansdale 
•Shaffer, Harvey E., Dairy Husb. Dept., 
Pa. State College, State College 
Spur, Bernhard, 421? Spruce St.,. Phila¬ 
delphia 4 

Staz, John M., East End Dairy, 19th & 
Brookwood Sts., Harrisburg 
Swope, W. D., Pa. State College, State 
College 

Taylor, Joe S., Dairy Bldg., Pa. State 
College, State College 
Wagner, William V., Jr., 519 S. 9th St., 
Connellsville 

Walker, H. S., 623 15th Avc., Bethlehem 
Watrous, G. H., Jr., Dairy Husb. Dept., 
Pa. State College, State College 
Welch, R. C., c/o Wilbur-Suchard Choco¬ 
late Co., Lititz 

Welch, B. R., Div. of Agr. Ext., Pa. 

State College, State College 
Williams, Paul 8 ., Dairy Bldg., State 
College 

Wilson, H. Kenneth, 612 S. 24th, c/o 
Sylvan Seal Milk, Inc., Philadelphia 46 
Woodruff, Alfred C., 42 Locust Ave., 
Springfield 

Zimmerman, Jos. A., Lehighton 
Subscribers: 

Aor. Library, Pa. State College, Pat¬ 
terson Hall, State College 
Aluminum Seal Co., Attn: Frank Goll, 
New Kensington 

Andrews, George L,, Breyer Ice Cream 
Co., 43rd Bel. Woodland Ave., Phila¬ 
delphia 4 

Animal Nutrition Reading Room, Agr. 

Bldg., Pa. State College, State College 
Ayer, N. W. & Son, Inc., Washington 
Sq., Philadelphia 

Bird, John, The Curtis Publishing Co., 
Independence Sq., Philadelphia 5 
Board of Health, Township of Lower 
Merion, Montgomery Co., Ardmore 
Carnegie Library, Bucknell Univ., 
Lewisburg 

Dairy Laboratories, 23rd & Locust Sts., 
Philadelphia 

Eaton, Mrs. A. K., Abbotts Dairies, Inc., 
3041-43 Chestnut St., Philadelphia 4 
Food Inspection Division, City Hall, 
Beading 


Free Library of Philadelphia, Middle 
City Sta., Philadelphia 3 
Geare : Marston, Inc., 21 S. Twelfth St., 
Philadelphia 

Heinz, H. J. Co., Quality Control Dept., 
1062 Progress St., Pittsburgh 30 
Kendall, Albert W., Box 235, Dun- 
cansville 

Kern, Harry, 501 Tilghman St., Allen¬ 
town 

Kissileff, A., Flourtown 
LeBautillier, Henry W., Wayne 
Library, Univ. of Pa., Philadelphia 
David Michael Co., Front & Master Sts., 
Philadelphia 

Mickle, Jos. R. Co., 2042 Rittenhouse 
Sq., Philadelphia 3 

National Farm School, Farm School, 
Bucks County 

Office of District Vet., Schuylkill 
Arsenal, 2620 Grays Ferry Ave., 
Philadelphia 46 

Paterson Parchment Paper Co., Bristol 
Pennsylvania Salt Mfg. Co., Attn: 
Mrs. Ethel Klingman, 3000 Widener 
Bldg., Philadelphia 

Periodical Room, Carnegie Library of 
Pittsburgh, 4400 Forbes St., Pitts¬ 
burgh 13 

Philadelphia College of Pharmacy & 
Science, 43rd St. at Woodland, Phila¬ 
delphia 4 

Pennsylvania Salt Mfg. Co., White- 
marsh Research Lab., Box 4388, 
Chestnut Hill Sta., Philadelphia 12 
Pittsburgh District Dairy Council, 
451 Century Bldg., Pittsburgh 22 
Pratt Food Co., 124-130 Walnut St., 
Philadelphia 

Rieck-McJunkin Dairy, Hoffman Div., 
Altoona 

Sharpe & Dohme, Library, Med. Re¬ 
search Div., Glenolden 
Sharples Corp., 23rd & Westmoreland 
Ave., Philadelphia 40 
Shelley, Paul N., Klein Chocolate Co., 
Inc., Elizabethtown 

Sommers-Davis Co., 136 S. 17th St., 
Philadelphia 3 

Sterling Milk, Inc., 3330 Peach St., 
Erie * 

Vet., Carlisle Barracks 
Vet., Valley Forge Gen. Hospital, 
Phoenixville 

Vet., U. S. Army Gen. Dispensary, 
2303d ASIT, Francis St., Pittsburgh 19 
Vet., New Cumberland Gen. Depot, 
New Cumberland 

Von Goehde, H. L., 1947 N. Howard St., 
Philadelphia 22 

Wyndmoor Sub-Branch, U.S.D.A., East¬ 
ern Regional Research' Lab., Chestnut 
Hills' Sta., Philadelphia 
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Associate Subscribers: 

Clover Farms Dairy Co., Inc., R. D. 2, 
Reading 

Laudenslager, C. M. T., Philadelphia 
Dairy Prod. Co., 45th & Parrish Sts., 
Philadelphia 4 

Moyer, V. C., c/o Supplee-Wills-Jones 
Milk Co., 1523 N. 26th St., Philadel¬ 
phia 21 

SIEKKINEN, UNO, 456 Lorain St., Sharon 

St. Lawrence Dairy Co., 221 S. 9th St., 
Reading 

Thompson, H. L., Harmony Dairy, West¬ 
ern Ave. & Fulton St., Pittsburgh 

Student Affiliates: 

Armes, Richard G., 509 E. Foster, State 
College 

Auker, Herman J., 254 S. Burrowes, 
State College 

Behney, Harry M., Jr., 225 Chestnut 
St., Palmyra 

Bickel, Jonathon R., R. D. 1, Myers- 
town 

Claycomb, Jeanne, 206 Watts Hall, 
State College 

Collins, William F., Dairy Husb. Dept., 
Pa. State College, State College 

Dietrich, William F., R.F.I). 2, 

Reading 

Fife, Ross A., Jr., 835 W. Foster Ave., 
State College 

Flounders, Marguerite, 205 Watts Hall, 
State College 

Herr, Richard M., 1250 Wheatland Ave., 
Lancaster 

Hogg, Theodore H., R. D. 4, Slippery 
Rock 


Rhode 

Members: 

Campbell, Mason, Kingston 
•Henderson, B. W., Jr., Ft. Kearny, 
Saunderstown 

Norton, Charles L., R. I. State College, 
Kingston 

Perisho, George D., Institutional Farms, 
Howard 

Subscribers: 

City op Providence, Dept, of Milk In¬ 
spection, City Hall, Providence 


Karsh, Joseph S., 3731 Dawson St., 
Pittsburgh 13 

Kerr, Edgar W., 518 Market St., Dun- 
cannon 

Kesler, Earl M., Dairy Husb. Dept., Pa. 

State College, State College 
Mattick, Joseph F., 110 S. Barnard St., 
State College 

Meiser, Joseph A., Jr., Dairy Husb. 

Dept., Pa. State College, State College 
Morris, Julius, 2031 Harrison St., Erie 
Murray, William Thomas, 311 Adams 
Ave., State College 

Nageotte, Guy J., 512 E. Foster Ave., 
State College 

Naugle, John David, R. D. 1, Hoovers- 
villc 

Pence, John T., 461 E. Foster Ave., 
State College 

Shapiro, Milton, Bldg. 13, Room 6, Pol¬ 
lock Circle, State College 
Shrum, John W., 159 Frothingham Ave., 
Jeannette 

Smith, Arnold C., 108 Dairy Bldg., Pa. 

State College, State College 
Smith, Vernon T., Jr., 615 Maple Ave., 
DuBois 

Stock, Raymond C., Alpha Chi Rho, 
State College 

Taylor, John E., 3607 Rutherford St., 
Harrisburg 

Weaver, Kenneth E., 122 21st St., 
Sharpsburg 

Wildasin, Harry L., 127 S. Bernard St., 
State College 

Williams, Jesse B., Room 206, Dairy 
Bldg., Penn. State College, State Col- 
lege 

Wise, Howard E., Alpha Zeta, State Col¬ 
lege 

Island 

Health Library, 364 State Office Bldg., 
Providence 

Library, R. I. State College, The 
Lodge, Kingston 

Rumford Chemical Works, Rumford 
Vet., Ft. Adams 

Student Affiliate: 

Stockli, Calvin O., Warsaw 


South Carolina 


Members: 

Breazeale, Thomas C., Jr., Dairy Dept., 
Clemson Agr. College, Clemson 
Good ale, B. E., Clemson Agr. College, 
Clemson 

Gulledge, E. P., Gallison 
Hellams, J. I., Greenwood Creamery Co., 
Greenwood 


Hobson, W. M., Foremost Dairies, 
Spartanburg 

Hurley, W. C., State College, Orange¬ 
burg 

LaMaster, J. P., Dairy Dept., Clemson 
Lomas, C. H., Clemson 
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Subscribers: 

Fretwell, C. B., Spartan Grain & Mill 
Co., Spartanburg 

Graham, Miss Cornelia, Library, Clem- 
son Agr. College, Clemson 
Vet., Ft. Jackson 
Vet., Greenville A.A.B., Greenville 
Vet., Q.M. Market Center, Universal 
Bldg., Laurel & Sumter Sts., Columbia 

Student Affiliates: 

Bowers, Truman S., Dairy Dept,, Clem¬ 
son Agr. College, Clemson 
Branyon, Henry E., 1204 N. Main St., 
Anderson 


Dantzler, John W., Eutawville 
niERS, Jesse C., c/o County Agent’s 
Office, Anderson 

Irwin, William F., Newberry Coop. 
Creamery, Newberry 

Lyle, John W., Dairy Dept., Clemson^ 
Agr. College, Clemson 
Pittard, Linton, Jr., 63 Ellis Ave., 
Orangeburg 

Spearman, Walter C., Dairy Dept., 
Clemson Agr. College, Clemson 
Stanek, Bernard J., c/o J. C. Bagin, Bt. 
4, Columbia 

Stroud, Lawrence E., Great Falls 


South Dakota 


Members: 

Breazeale, D. F., Dairy Husb. Dept., S. 

Dak. State College, Brookings 
Cave, B. A., S. Dak. State College, Brook¬ 
ings 

Edwards, William Charles, Tyndall 
Haines, A. L., B. B. 2, Box 44, Rapid 
City 

Kelly, P. L., Dairy pept., State College 
Station, Brookings 
Tilley, J. L., 122 3rd St., Brookings 
Totman, C. C., Dairy Dept., S. Dak. State 
College, Brookings 


Subscribers: 

Library, Univ. of S. Dak., Vermillion 
Lincoln Memorial Library, S. Dak. 

State College, Brookings 
Sioux Sales Co., P.O. Box 801, Sioux 
Falls 

Vet., Rapid City A.A.B., Rapid City 
Student Affiliate: 

Schock, Alvin A., Dairy Dept., S. Dak. 
State College, Brookings 


Tennessee 


Members: 

Brew, James D./ 2023 Terrace Ave., 
Knoxville 

♦Carringer, Herman N., Dairy Dept., 
Univ. of Tenn., Knoxville 

Colebank, L. O., Agr. Ext. Serv., Univ. 
of Tenn., Knoxville 

Copeland, Lynn, Agr. Ext. Office, Univ. 
of Tenn., NaBhville 

Detchum, Charles, Southern Dairies, 
Inc., Knoxville 

Duncan, E. C., Foremost Dairies, Inc., 
Box 559, Bristol 

Friend, L. F., 1497 Union Ave., Unit 4, 
Memphis 

Garrecht, Hubert, Kline Bros. Dairy, 
2469 Summer Ave., Memphis 

Harrison, Thos. B., College of Agr., 
Univ. of Tenn., Knoxville 

Hervey, Marshall C., Dairy Husb. 
Dept., Univ. of Tenn., Knoxville 

Hutton, C. A., Agr. Ext. Serv., P.O. Box 
1071, Knoxville 

Lush, R. H., Dairy Dept., Univ. of Tenn., 
Knoxville 16 

♦Maddox, James N., Middle.Tenn. Expt. 
Sta., Columbia 

Naive, J. B., Beverly Hills Sanatorium, 
Knoxville 

Overcast, Woodrow W., Dairy Industry 
Dept., Univ. of Tenn., Knoxville 


Record, P. R., c/o Security Mills, Knox¬ 
ville 

Rogers, L. R., Lashbrookc Farms, Louis¬ 
ville 

Swanson, Eric W m Dairy Dept., Univ. 
of Tenn., Knoxville 

Wylie, C. E., Dairy Dept., Univ. of 
Tenn., Knoxville 

Subscribers: 

Agr. Library, Univ. of Tenn., Knoxville 

Amott, A. L., Cotton State Bldg., Nash¬ 
ville 3 

Library, A & I State College, Nashville 

Library, Univ. of Tenn., Knoxville 16 

Moon, R. S., Campbell Rd., R. R. 1, Madi¬ 
son 

Taylor, Cleo C., 3208 Sutherland Ave., 
Knoxville 

Tucker, J. Mack, Editor, Ferris Hall, 
Univ. of Tenn., Knoxville 16 

Yet., Memphis Army Service Forces 
Depot, Memphis 2 

Vet., 554th A.A.F. Base Unit, Memphis 

Vet., Smyrna A.A.F., Smyrna 

Vet., Memphis Gen. Depot, Memphis 

Associate Subscribers: 

Anthony Pure Milk Co., Inc., 504 
Woodland St., Nashville 6 
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Learned, L. N., Clover Farm Dairy, Wal¬ 
nut & Beale Sts., Memphis 

Student Affiliates: 

Adams, Roy, Dairy Dept., Univ. of Tenn., 
Knoxville 

Childers, Wilton, Dairy Dept., Univ. of 
Tenn., Knoxville 

Hinton, Frank, Dairy Dept., Univ. of 
Tenn., Knoxville 

Texas 


Lippard, James F., Box 4281, Univ. of 
Tenn., Knoxville 

Lusk, John W., Box 694, Jr. College 
•Sta., Martin 

Plunkett, Travis, 707 15th St., Knox¬ 
ville 

Rust, H. K., 947 Hill St., Bristol 

Wiley, Lance, 1007 Circle Park, Knox¬ 
ville 


Members: 

Burns, Charles F., 1400 E. Houston, 
Sherman 

Darnell, A. L., Tex. A & M, College Sta¬ 
tion 

Eisenstein, Philip Pierce, 2314 South 
Blvd., Dallas 

Fine, N. C., Tex. Tech. College, Animal 
Husb. Dept., Lubbock 
Francisco, Carl, P.O. Drawer 36, 
Austin 1 

Gibson, G. G., Ext. Dairyman, College 
Station 

IIankinson, D. J., Dairy Husb. Dept., 
Tex. A & M, College Station 
Harmon, Laurence G., Dept. Dairy 
Manufactures, Tex. Tech. College, Lub¬ 
bock 

Heep, Herman F., Heep Jersey Farms, 
Buda 

Homeyer, W. C., Arrow Mills, Inc., P.O. 

Box 3012, Houston 1 
JonNSTON, J. B., 506 Carolyn Avc., Aus¬ 
tin 21 

Kilgore, J. P., c/o Eastland Creamery, 
Eastland 

Leighton, R. E., Dairy Dept., Tex. A & 
M, College Station 

Lively, Jack, Bluff View Farm, North 
West Highway, Dallas 
Madden, Fred, 637 Hill St., Grand 
Prairie 

Metzger, Jacob, P.O. Box 899, Dallas 1 
Moore, A. V., Dairy Dept., Tex. A & M, 
College Station 

♦Pearson, P. B., Nutr. Lab., Tex. A & M, 
College Station 

Pederson, c/o Prices Creameries, Inc., 
El Paso 

Price, Robert B., Prices Creameries, Inc., 
P.O. Box 1572, El Paso 
Prichard, Arthur, The Borden Co., 
Amarillo 

Reed, XV*. W., John Tarleton College, 
Stephenville 

Richards, Harvey L., Jr., Hygeia Milk 
Co., Harlingen 

Robb, Noel N., Production Mgr., Carna¬ 
tion Co., Box 914, Houston 1 
Homing, J. A., Snowflake Creamery, Cle¬ 
burne 

Rupel, I. W., Dairy Husb. Dept., Tex. A 
& M, College Station 


Shepardson, C. N., Dairy Husb. Dept., 
Tex. A & M, College Station 
Von Rosenberg, Sam E., La Grange 
Willingham, J. J., Meadolake Food, 
Inc., Sherman 

Subscribers: 

Boe, Robert H., 300 North Crowdus St., 
Dallas 1 

Borden Co., 1801 Leonard St., Attn: N. 
W. Lamb, Dallas 

Carnation, Co. of Tex., Wichita Falls 
Library, Tex. A & M, College Station 
Library, Med. Branch, Univ. of Tex., 
Galveston 

Library, North Tex. Agr. College, Ar¬ 
lington 

Library, Stephen F. Austin State 
Teachers College, Nacogdoches 
Malin, Victor F., Jr., Box 152 W, Rt. 
1, Dickinson 

Mings, J. M., Jr., Box 687, Big Sandy 
Morrow, A. I)., Jr., Rt. 2, Wortham 
N. Texas State Teachers College, Li¬ 
brary, P.O. Box 5189, Denton 
Penn, Fred, 4400 Preston Rd., Dallas 
Public Library, Ft. Worth 
Rajas, Jorge, P.O. Box 1029, College 
Station 

Salmon, R. L., Box 1692, Pampa 
Serials Acquisitions, Univ. of Tex. 
Library, Austin 12 

South Texas Cotton Oil Co., Box 337, 
Houston 

State Dept, of Health, Bureau of 
Labs., 305 E. 5th St., Austin 2 
Texas Agr. Expt. Sta., Div. of Dairy 
Husb., Tex. A & M College, College 
Station 

Texas Tech. College, Library, Lubbock 
Transit Grain & Commission Co., Chief 
Laboratory Dept., Ft. Worth 
Vet., H.Q. Fourth Army, Ft. Sam Hous¬ 
ton 

Vet., Ft. Bliss 
Vet., Camp Hood 
Vet., Ft. Sam Houston 
Vet., A.A.F. Military Training Center, 
San Antonio 

Vet., Bergstrom Field, Austin 
Vet., Ft. Crockett 
Vet., Kelly Field 
Vet., Randolph Field 
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Yet., Fort Worth A.A.F., Ft. Worth 
Yet., H.Q. Southwestern Remount 
Area, San Angelo 

Vet., Ft. Worth Q.M. Depot, Ft. Worth 
Vet., Q.M. Market Center, Produce 
Terminal Bldg., 1201 Jones St., Ft. 
Worth 2 

Vet. Section, Fourth Army Area Med. 
Lab., Officer in Charge, Brooke Army 
Med. Center, Ft. Sam Houtson 
W. R. Banks Library, Prairie View 
Univ., Prairie View 

Student Affiliates: 

Allen, George Tom, Olton Rt., Plainview 
Ash, John, 3110 21st St., Lubbock 
Ball, R. V., Box 503, Junction 
Beshears, William G., 2302 14th St., 
Lubbock 

Cardwell, Joe T., Box 1, Vera 
Chapman, W. E., P.O. Box 564, Wichita 
Falls 

Gardner, Duke, 316 Harvard St., Hous¬ 
ton 


Grobeck, Don, 816 Waugh Dr., Houston 
Harruff, Charles L., Box 1023, Dalhart 
Hoback, Norman, Box 827, Colorado City 
Howell, J. M., 308 Waco Ave., Lubbock 
Hyer, Harold R., c/o Carnation Milk 
Co., Schulenburg 

Lehman, R. N., Jr., 2525 Summer St., 
Waco 

Little, Walter B., Rt. 1, Muleshoe 
Loveless, Luther, Box 275, Friona 
March, Denver C., Dairy Husb. Dept., 
Tex. A & M College, College Station 
Price, Robert B., Jr., Box 2764, College 
Station 

Renner, Kenneth R., 2912 20th St., 
Lubbock 

Schwarz, Henry B., Rt. 5, Lubbock 
Smith, Donald L., 302 W. Harris Ave., 
Apt. 10, San Angelo 

Taylor, Frank W., Jr., Dairy Dept., 
Tex. A & M College, College Station 
Willis, Albert, 2312 14th St., Lubbock 


Utah 


Members: 

Anderson, H. D., Ephraim 

Bateman, George Q., Utah State Agr. 
College, Logan 

Caine, George B., Utah State Agr. Col¬ 
lege, Logan 

Curtis, L. R., 2184 Oneida St., Salt Lake 
City 5 

Hardell, Robert, Smithfield 

Hoskisson, W. A., 952 Windsor St., 
Salt Lake City 4 

Lamb, D. O., Box 2490, Salt Lake City 14 

Morris, A. J., Dairy Husb. Dept., Utah 
State Agr. College, Logan 

Ogden City Auditor, City County Bldg., 
Ogden 

Rich, Lyman A., Ext. Serv., Utah State 
Agr. College, Logan 


Subscribers: 

Brigham Young University, Anna Oiler- 
ton, Library Bldg., Upper Campus, 
Provo 

Dizikes, J. L., 158 E. 2nd S., Salt Lake 
City 

Krusi, Jacob, c/o Cache Valley Dairy 
Assn., Smithfield 

Library, Branch Agr. College of Utah, 
Cedar City 

Utah Agr. College Library, Logan 

Vet., Ft. Douglas 

Vet., Utah Gen. Depot, Ogden 

Student Affiliates: 

Green, Wayne, Apt. N 17, Thatcher 
Bldg., Logan 

Nelson, Woodrow E., Roosevelt 


Vermont 


Members: 

Bradfield, Alex, 210 Loomis St., Bur¬ 
lington 

Bremer, Harry E., Dept, of Agr., State 
House, Montpelier 

CaMburn, O. M., Vt. Agr. Expt. Sta., 
489 Main St., Burlington 

Chaffee, L. L., Morrisville 

Conklin, C. T., Secy., Ayrshire Breeders 
Assn., Brandon 

Ellenberger, H. B., Univ. of Vt., Bur¬ 
lington 

Frayer, James M., Vt. Agr. Expt. Sta., 
489 Main St., Burlington 
*Learny, W. P., 27 School St., Burlington 

Loveland, E. H., 489 Main St., Burfing- 
ton 


•MacCurdy, Robert D., Dairy Dept., Univ. 
of Vt., Burlington 

Newcity, Gladwyn, 16 Henry St., Bel¬ 
low Falls 

Newlander, J. A., Univ. of Vt., Bur¬ 
lington 

Norton, H. W., Jr., Secy., Holstein- 
Friesian Assn, of America, Brattleboro 
# Pierce, Donald C., 29 Dewey St., Rich- 
ford 

Stiles, Albert H., 32 Proctor Ave., S. 
Burlington 

Warner, William K., 96 Colchester Ave., 
Burlington 

Subscribers: 

Aldricho, Lloyd E., Davis Feed Co., Rut¬ 
land 
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Holstein-Friesian Assn, or America, 
Brattleboro 

Mirabella, Anthony B., 15 Union St., 
Northfield 

University Library, Univ. of Vt., Bur¬ 
lington 


Univ. of Vt. & State Agr. College, 
Burlington 

Student Affiliate: 

Pratt, John H., Jr., R.F.D., North 
Clarendon 


Virginia 


Members: 

Armstrong, W. H., Va. Poly. Inst., 
Blacksburg 

Arrasmith, James F., Box 630, Alex¬ 
andria 

Bowman, A. W., Coble Dairy Prod., 
South Boston 

Bussey, J. C., Southern Dairies, Rocky 
Mt. 

Connelly, R. G., Dairy Dept., College 
of Agr., Blacksburg 
Craun, H. W., Rt. 3, Roanoke 
Dickson, R. W., Secy., State Milk Com¬ 
mission, 1203 E. Broad St., Richmond 
19 

Emery, H. J., 1737 Queens Lane, Ar¬ 
lington 

Flora, Carroll C., Dairy Bldg., Va. 

Poly. Inst., Blacksburg 
Graf, G. C., Va. Poly. Inst., Blacksburg 
Greenbank, George R., 632 24th St., S., 
Arlington 

Gregg, V. L., Rt. 5, Box 249, Alexandria 
Hastings, Waldon H., Lindsey-Robin- 
son & Co., Inc., Roanoke 3 
Herrmann, Louis F., 877 N. Abingdon 
St., Arlington 

Holdaway, C. W., Dairy Husb. Dept., 
Va. Poly. Inst., Blacksburg 
Kennedy, G. S., Municipal Bldg., Roan¬ 
oke 11 

Krill, I. R., Southern Maid, Inc., Bristol 

Mallory, T. E., Bland 

Mather, R. E., Dairy Husbandman, Va. 

Agr. Expt. Sta., Blacksburg 13 
Miller, W. C., Garst Bros. Dairy, Roan¬ 
oke 

Ommodt, B. J., 2702 Valley Dr., Alex¬ 
andria 

Pomeroy, C. J., Jr., Cedar Spring Farm, 
Quinton 

Reaves, P. M., Va. Poly. Inst., Blacks¬ 
burg 

Rennie, Frank F., Jr., 1810 W. Main 
St., Richmond 

Trelogan, Harry C., 6025 N. 18th St., 
Arlington 

Weirether, Francis J., Research Lab., 
Merck & Co., Inc., Elkton 


Wright, Dean A., Ninovan Farms, Gor- 
donville 

Subscribers: 

Farmers Creamery Co., Fredericksburg 
Huntington Library, Hampton Inst., 
Hampton 

Johnston Memorial Library, Va. State 
College, Petersburg 

Library, Med. College of Va., Richmond 
19 

Luebben, C. G., R.F.D. 1, McLean 
Richmond Dairy Co., 314 N. Jefferson 
St., Richmond 

School of Agr., Hampton Inst., Hamp¬ 
ton 

Va. Poly. Inst., Agr. Expt. Sta., Branch 
Library, Blacksburg 

Vet., Office of the Surgeon, H.Q. 

Tactical Air Command, Langley Field 
Vet., Langley Field, Hampton 
Vet., Ft. Belvoir 
Vet., Ft. Myer 
Vet., Ft. Eustis 
Vet., Camp Lee 
Vet., Box 65, Ft. Belvoir 
Depot Vet., Aleshire Q.M. Depot 
(Remt), Front Royal 
Vet., Richmond Gen. Depot, Richmond 
Vet., Q.M. Market Center, North Blvd. 
& Kelly Rd., Richmond 20 

Associate Subscribers: 

Edmunds, Paul C., Mgr., Boston-Fur- 
ham Ice Cream Co., South Boston 
Weaver, A. F., Early Dawn Coop. Dairy, 
Inc., Waynesboro 

Student Affiliates: 

Aydlett, J. H., 734 Maryland Ave., Nor¬ 
folk 

Beazley, Earl A., Sparta 
Carter, Henry E., Jr., Chatham 
Chance, Charles M., Dairy Dept., Va. 

Poly. Inst., Blacksburg 
Huff, Lamon A., Dugspur 
Kiser, W. R., Jr., 109 E. Center St., 
Galox 

Spahr, Kenneth, Benhams 
Worley, Charles H., Rural Retreat 


Washington 


Members: 

Andrews, George, 10227 15th N. E., 
Seattle 55 

•Ashworth, IT. S., State College of Wash., 
Pullman 


Beck, A. J., 1224 N. 45th St., Seattle 3 
Bendixen, H. A., Dept, of Dairy Husb., 
State College of Wash., Pullman 
Berry, M. H., Carnation Milk Farms, 
Carnation 
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Boney, M. M., Box 157, Bellingham 
# Bowman, Balph, 1727 N. Ledgerwood, 
Spokane 13 

Cone, J. Frank, Dairy Husb. Dept., 
State College of Wash., Pullman 
Cowan, Robert, 635 Elliott Ave. W., 
Seattle 99 

Dahlberg, A. 0., 2500 W. Viewmont 
Way, Seattle 99 

Ellington, E. V., Ext. Dept., State Col¬ 
lege of Wash., Pullman 
Erb, R. E., Dairy Husb. Dept., State 
College of Wash., Pullman 
Fordham, Wayne W., 1728 W. 9th Ave., 
Spokane 9 

Gaiber, J. L., Yakima Dairymen's Assn., 
Yakima 

Giberson, Ebert, Apt. A, 915 S. 3rd St., 
Tacoma 3 

Golding, N. S., Dairy Husb. Dept., State 
College of Wash., Pullman 
Hale, Robert E., 3801 W. Barton, Seat¬ 
tle 6 

Hill, Otto J., Wash. Coop. Egg & Poul¬ 
try Assn., 201 Elliott Ave. W., Seattle 
99 

Jaadan, Philip N., No. 232, 1405 E. 
40th, Seattle 5 

Janzen, Harold W., Box 391, Vancouver 
Knott, J. C., Dairy Dept., State College 
of Wash., Pullman 

Larson, Harold, 3823 S. Wilkeson St., 
Tacoma 8 

Lundquist, Norman S., Dairy Husb. 
Dept., State College of Wash., Pull¬ 
man 

Mackenzie, F. B., Ill W. Massachusetts, 
Seattle 4 

Miller, Donald, Apt. 7F, South Fairway 
Apt., Pullman 

Moore, George R., Rt. 2, Walla Walla 
Nichols, M. G., Agr. Ext. Serv., State 
College of Wash., Pullman 
Palmer, W. Horace, Box 250, Steila- 
coora 

Phillips, J. E., P.O. Box 22, Spokane 
Prouty, C. C., Wash. Agr. Expt. Sta., 
College of Agr., Pullman 
Russell, James, Kitsap Dairymens 
Assn., P.O. Box 314, Bremerton 
Shaw, A. O., Dairy Husb. Dept., State 
College of Wash., Pullman 
Sorensen, Ernest M., Box 389, Chehalis 
Sweeting, Bert, Medosweet Dairies, 
Tacoma 

Tranmal, Henry, 635 Elliott Ave., Seat¬ 
tle 99 

Ustler, Geo. H., c/o Angeles Coop. 

Creamery, Port Angles 
Wagenaar, Raphael, Washtucna 
Waldo, D. R., Mt, Vernon 


* Wiley, Roy M., Ft. LewiB Dairy, Ft. 
Lewis 

Subscribers: 

Burleson, K. P., Rt. 1, Box 194, Walla 
Walla 

Foote, W. W., Librarian, State College 
of Wash., Pullman 

Gildow, E. M., Carnation Milk Farms, 
Carnation 

Groth, Arthur E., 2429 29th Ave. W., 
Seattle 99 

King County Health Dept., 708 County 
Bldg., Seattle 4 

Seattle Public Library, 4th Ave. & 
Madison St., Seattle 4 
Skagit County Dairymens Assn., Mt. 
Vernon 

Spokane Public Library, Spokane 9 
State College op Wash., Library, Pull¬ 
man 

Univ. of Wash., Library, Seattle 
Vet., Ft. Lewis 
Vet., Geiger Field 
Vet., Ft. George Wright 
Vet., Seattle Gen. Depot, Seattle 
Vet., Seattle Port of Embarkation, 
Seattle 

Vet., Q.M. Market Center, 1049 South 
Alaskan Way, Seattle 
Vet. Section, Officer in Charge, 20th 
Med. Lab., Madigan Gen. Hosp., Ft. 
Lewis 

Vet. Section, Office of the Surgeon, 
Alaskan Dept., A.P.O. 492, c/o PM, 
Seattle 

Associate Subscribers: 

Broadview Dairy Co., 411 Cataldo Ave., 
Spokane 

Wilson, George W., 1300 Rainier Ave., 
c/o, Kristoferson 'b Dairy, Seattle 44 

Student Affiliates: 

Adams, H. M., 104 E. Webb St., Pullman 
Ash, Billy E., Dairy Dept., State Col¬ 
lege of Wash., Pullman 
Bennett, Donald E., Box 62, McKenna 
Bongiorni, H. J., Rt. 3, Box 304, Ellens- 
burg 

Clarke, Jerry, Rt. 1, Battle Ground 
Creger, Donald D., 6500 S. 154th, 
Seattle 

Gurtle, Gale G., 956 Federal Bldg., 
Bellingham 

Jones, M. L., 3036 61st Ave., S. W., 
Seattle 

Richter, Cyrus H., 1250 McLadden 
Ave., Chehalis 

Thomas, R. G., Apt. 10-A, South Fair¬ 
way Apt., Pullman 
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West Virginia 


Members: 

Bruyneel, A. L., 620 GaBton Ave., Fair¬ 
mont 

Ebright, James R., Welch Milk Co., 
Welch 

Heebink, Gerald, W. Va. Dairymens 
Assn., Oglebay Hall, Morgantown 
Henderson, H. CL, College of Agr., 
Morgantown 

. Houser, Leroy, c/e Borden Co., 8th Ave. 
& 12th St., Huntington 
Hutchinson, Hugh F., Greenbrier Dairy 
Prod. Co., Lewisburg 
Hyatt, George, Jr., Dairy Dept., W. Va. 
Univ., Morgantown 

Master, Donald Cameron, Box 109, 
Clarksburg 

^McCullough, Marshall E., 109 D. St., 
Keyser 

Pinsky, Harry, 57 17th St., Wheeling 
Porter, Clyde C., Lesage 


Pratt, Avery D., 816 College Ave., Blue- 
field 

Reeves, Charles V., 54 Monroe St., 
Elm Grove, Wheeling 

Tyler, Wilbur J., Dairy Husb. Dept., 
W. Va. Univ., Morgantown 

Van Landingham, A. H., Agr. Expt. 
Sta., Morgantown 

Weese, Samuel J., 227 Hagans Ave., 
Morgantown 
Subscribers: 

Library, W. Va. Univ., Morgantown 

Valley Creamery Co., Sistersville 

Associate Subscribers: 

Gray, L. A., Clarksburg Dairy, Clarks¬ 
burg 

Imperial Ice Cream Co., Parkersburg 
Student Affiliate: 

Halterman, Henry J., 409 S. Oakwood 
Ave., Beckley 


Wisconsin 


Members: 

Allen, Nat N., Dairy Husb. Dept., 
Univ. of Wis., Madison 6 

Anderson, Oun, Consolidated Badger 
Coop., Shawano 

Barrett, George R., R. R. 1, Middleton 

•Berndt, Fritz R., 326 4th St., Prairie 
du Sac 

Boeing, D. P., 208 Wilson Ave., Me- 
nomonie 

Boiistedt, Gus, College of Agr., Madi¬ 
son 

Brace, Charles C., Lone Rook 

Bradley, Franklin, R. 4, Edgerton 

Brown, L. W., Dairy & Food Control 
Lab., Univ. of Wis., Madison 6 

Bush, M. U., 2335 DuCliarme Lane, 
Green Bay 

Call, Ara O., Western Condensing Co., 
Appleton 

Cannon, Robert Y.-, Dairy Ind. Dept., 
Univ. of Wis., Madison 6 

Carlson, John, 106 Geneva St., Wil¬ 
liams Bay 

*Cavanauoh, J. F., Hoard's Dairyman, 
Ft. Atkinson 

Chrisler, Earl S., 620 N. 8th St., Mil¬ 
waukee 3 

Christofferson, T., Dairy Coop. Assn., 
Juneau 

Cramer, A. J., 1642 Monroe St., Madi¬ 
son 5 

*Dreher, W. H., Badger Breeder's Coop., 
Shawano 

*Dugdalr, B. R., 1017 Morningside Ave., 
Madison 4 

Elder, H. K., 801 E. College Aye., 
Waukesha 


Ellerston, Melvin E., Carnation Co. 
Research Lab., 2344 N. Oakland Ave., 
Milwaukee 11 

Erekson, Arthur B., Lakeshire-Marty 
Co., Plymouth 

Fabricius, N. E., Golden State Co., Box 
167, Ladysmith 

Farnham, Merle G., Box 192, R. R. 14, 
Milwaukee 13 

Feutz, Fred, Lakeshire-Marty Co., Mon¬ 
roe 

Fick, Harold F., Box 556, Brodliead 

Forster, T. L., Dairy Ind. Dept., Univ. 
of Wis., Madison 

Frazier, William C., College of Agr., 
Univ. of Wis., Madison 

Georoe, A. D., Maple Leaf Dairies, Inc., 
Necnah 

# Halada, Jerome A., 220 S. Second St., 
River Falls 

Hales, M. W., Chr. Hansen's Lab., Inc., 
9015 W. Maple St., Milwaukee 14 

Hall, Sumner A., c/o A & P Tea Co., 
P.O. Box 859, Sta. A, Green Bay 

Hansen, Glen, 1252 S. Forwell, Eau 
Claire 

Harris, Roy T., Dairy Records Office, 
207 King Hall, Madison 6 

Hart, E. B., Dept, of Biochem., Univ. 
of Wis., Madison 

Hartman, G. H., 2114 Fairmont St., 
Manitowoc 

*Haskell, Wm. Howard, Klenzade Prod., 
Box 70, Beloit 

Heiser, George, Jr., 1609 E. North Ave., 
Milwaukee 2 

Heizer, E. E., Dairy Dept., Univ. of 
Wis., Madison 
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♦Hendrickson, F. A., 2942 Hermina St., 
Madison 4 

Ireland, Wm. R., Progressive Dairy 
Prod. Co., 1214 Latlirop Ave., Bacine 
Jackson, H. C., Dairy Dept., Univ. of 
Wis., Madison 

Johnsen, S. H., The Borden Co., Wau¬ 
kesha 

Jordan, W. G., The Borden Co., Wau¬ 
kesha 

Kasler, Gale B., 620 N. Eighth St., 
Milwaukee 3 

Keller, Leslie G., Kewaskum 

♦Klueter, Harry, Boom 706, 1 W. Main, 
Madison 

♦Knox, William D., c/o Hoard’s Dairy¬ 
man, Ft. Atkinson 

♦Koch, Harlan B., 4346 Hillcrest Dr., 
Madison 5 

Kolb, Ludwig, 1506 N. 69th St., Wau- 
watssa 

Krause, F. W., Meier lee Cream Co., 
Waukesha 

Larson, Capt., B. 1 , c/o Carl Messer, 
Beaver Dam 

♦Legrid, Lester I., Dairy Div., Wis. 
State Dept, of Agr., Madison 

♦Lerner, Louis L., 1447 Argali St., Beloit 
Manus, Louis J., 328 Moscow Rd., Pull¬ 
man 

♦Melhuish, Yern P., 628 S. St., Ocono- 
mowoc 

Miller, Paul G., Carnation Co., Re¬ 
search Lab., Oconomowoc 
Nusbaum, Dave, Box 23, Green Bay 
Oberg, E. B., 2344 N. Oakland Ave., Mil¬ 
waukee 

♦O’Donnell, E. J., Klenzade Prod. Co., 
Inc., P.O. Box 70, Beloit 
Olsen, L. S., Olsen Pub. Co., 1445 N. 

5th St., at W. Cherry, Milwaukee 12 
Pfieper, George B., 211 E. Third St., 
S., Ladysmith 

Phillips, Paul H., Biochem. Dept., 
Univ. of Wis., Madison 
Pope, 8 . M., c/o Shcfford Cheese Co., 
Green Bay 

Price, W. V., Hiram Smith Hall, Univ. 
of Wis., Madison 

Propst, Erhardt, Jr., c/o Geo. B. 
Gould, 1100J N. Spring St., Beaver 
Dam 

Pulkrabek, G, M., c/o Kraft Foods Co., 
Plymouth 

Rydzewski, George S., 1605 S. 37th St., 
Milwaukee 

Schmit, Bay, 2206 N. 30th St., Mil¬ 
waukee 

Scott, H. T., Wis. Alumni Research 
Foundation, Madison 6 
Shogren, C. B., Klenzade Prod., Inc., 
Beloit 

Slemmons, Wilbert S., Carnation Co., 
Oconomowoc 


Slettkn, George B., 340 W. Wisconsin 
Ave., Oconomowoc 

Smith, Vearl, Dairy Husb. Dept., Univ, 
of Wis., Madison 

Snell, Carl H., 903 N. Wilson Ave., 
Bice Lake 

Sommer, H. H., Dairy Husb. Dept., Univ. 
of Wis., Madison 

♦Spitzer, Robert R., Murphy Prod. Co., 
Burlington 

Sprague, Gordon W., P.O. Box 902, 
Appleton 

Stallard, J. E., 207 King Hall, Univ. 
of Wis., Madison 

Stein, Bruno, Shorewood Hills, Madi¬ 
son 

Sticha, A. J., 113 W. Lakeside St., 
Madison 

Swanson, Arthur M., Dairy Ind. Dept., 
Univ. of Wis., Madison 
Tarkow, Leonard, 427 W. National Ave., 
Milwaukee 4 

Thew, Harvey E., Mgr., 29 Coyne Ct., 
Madison Milk Prod. Assn., Madison 
Thomas, Hugh, 1322 W. Dayton St., 
Madison 5 

Thomsen, L. C., 3414 Viburnum Drive, 
Shorwood Hills, Madison 5 
Tooby, George, Box D, River Falls 
Tkebilcock, Roy J., 1539 Alice St., 
Wauwatosa * 

Trish, Karl A., 7722 6th Ave., Kenosha 
Underbjerg, Gravers K. L., Dept, of 
Vet. Sci., Univ. of Wis., Madison 
Uselman, W., Galloway-West Co., Fond 
du Lac 

Veroeront, Glen W., 207 King Hall, 
College of Agr., Univ. of Wis., Madi¬ 
son 

Wallenfkldt, E., Dairy Ind. Dept., 
Univ. of Wis., Madison 
Walter, Homer E., 316 Jay St., Platte- 
ville 

Weber, Hiram R., 723 First Ave., Antigo 
Weckel, K. G., Dairy Ind. Dept., Univ. 
of Wis., Madison 

Weibel, William B., Ellsworth Cream¬ 
ery, Ellsworth 

Werner, Geo. M., Dairy Husb. Dept., 
College of Agr., Madison 
Wiesner, M. W., c/o Western Condens¬ 
ing Co., Ripon 

Wilke, Theodore M., 3167 N. Booth St., 
Milwaukee 

Willard, Miss Esther M., 330 Gold¬ 
smith Bldg., Milwaukee 2 
Willett, E. L., American Scientific 
Breeding Inst., B.F.D. 1, Madison 
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733 

lipase of, fatty acids freed by, 901 
mare’s, 

composition of, 385 
vitamin content of, 73 
microscopic analysis of, 522* 
oxidized flavor of, oxidation of ascorbic 
acid and, 533* 

pancreatic enzyme treatment of, 877 
pasteurized, keeping quality in refrig¬ 
erator, 371 

pasteurization, HTST, laboratory, resist¬ 
ance of Micrococcus freudenreichii as 
a test organism, 975 

proteins of, determination of partial 
hydrolysis, 881 

radioactive phosphorus secreted in, 557* 
relation of, to blood choline levels of 
calves, 641 

solids in, atmospheric temperature and, 
757 

soybean oil-filled, for calves, 587* 
sunlight flavor of, chemical reactions in, 
535* 

synthetic, as feed for calves, 87 
tocopherol levels in, 560*, 849 
toxicity of phenothiazine derivatives ex¬ 
creted in, 55 

vitamin A in, influence of silage on, 103 
vitamin B complex secretion in, follow¬ 
ing supplementary feeding, 867 
volatile acidity of, 531* 

Milk fever, 

blood changes at parturition in, 
parathyroid extract and, 564* 
vitamin D and, 565* 


Milk production, 

as influenced by time lag in milking, 
580* 

effect of milking at 2-hr. intervals on, 
703 

influence of, 
age on, 273 
weight on, 273 
iodinated casein and, 443 
relation of season of freshening to, 631 
thyroprotein feeding and, 313 
24- vs. 26-lir. teBt day, 951 
vitamin A and, 279 

Milk solids distribution, in frozen homog¬ 
enized milk, 733 

Minnesota test, for homogenized milk, 145 
Mojonnier method, for fat, in homogenized 
milk, 145 

Mycotorula lipolytica, 
as source of lipase, 524* 
use in blue cheese from pasteurized milk, 
524* , 

NERVE, regeneration of, in udder, 9 
Niacin, effect on vitamin A in calves, 115 
Nicotinic acid, 
for calves, 175 

in marc’s colostrum and milk, 73 
secretion in milk and urine following 
supplementary feeding, 867 
Nitrogen metabolism, of calves, at different 
protein levels, 589 

Nordihydroguiaretic acid, antioxidant in 
frozen cream, 541* 

Nutritive value, of butterfat fractions, 299 

Orchard grass, for pasture, 572* 
Oxygen, headspace, and keeping quality of 
dry whole milk, 529* « 

Oxytocin, and milking at short intervals, 
703 

P ANCREATIC enzyme, milk treatment 
with, 877 
Pantothenic acid, 
in mare’s colostrum and milk, 73 
secretion in milk and urine, following 
supplementary feeding, 867 
Parathyroid extract, effect on blood 
changes at parturition, 564* 
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Parturient paresis, prepartum milking and, 
861 

Pasteurization, 

influence on Cheddar cheese yields, 530* 
resistance of lactobacilli to, 231 
Pasture yields, 

D.H.I.A. method applied to, 592* 
method for estimation of, 591* 

Peaches, preservation of, for ice cream, 129 
Pen barn, in mastitis control, 553* 
Penicillin, for intramammary treatment of 
mastitis, 562*, 563* 

Penicillium roqueforti, special cultures of, 
use in blue cheese from pasteurized milk, 
524 

Pennsylvania test, for homogenized milk, 
145 

Phenothiazine derivatives, toxicity of, as 
excreted in milk, 55 
Phosphatase, 

inactivation of, time and temperature 
for, 518* 

plasma, factors influencing, in dairy 
bulls, 546* 

test, for dairy products, 517* . 
Phosphorus, radioactive, secretion and par¬ 
tition in cow's milk, 557* 

Pituitary glands, cystic, in vitamin A defi¬ 
ciency, 687 

Placental transfer, of vitamin I), 588*, 787 
Prepartum diet, and vitamin content of 
colostrum, 343 

Prepartum milking, and parturient paresis, 
861 

Production, sire’s inheritance for, evalua¬ 
tion of, 21 

Production ability, and inclination of 
rump, 25 

Production records, of crossbred cattle, 
551* 

6-n-propyl ,thiouracil, concentrations in 
blood and tissue, 580* 

Proteins, 

of milk, determination of partial hy¬ 
drolysis, 881 
soluble, of cheese, 165 
stability of, in frozen concentrated milk, 
837 

Protamone, in feed of dairy cows, 443 
Pulse rate, atmospheric temperature and, 
255 


Quaternary ammonium compounds, 
determination of, 536* 
for destruction of 5. agalactiae, 520* 
for udder washing, 564* 
germicidal action of, 519* 

Quercitin, as antioxidant for fat, 397 
Quercitrin, as antioxidant for fat, 397 

Reconstitution, of dry milk, fac- 

tors influencing, 528* 

Reduced feed intake, for rats, effect on 
mammary growth and lactation, 564* 
Refrigeration, of milk, influence on keeping 
quality, 371 

Regeneration, of nerve, in udder, 9 
Rennet coagulability, of sham-fed milk, 505 
Rennet-custard, peptic-trvptic digestion of, 
13 

Resazurin test, 
for milk, 521* 
sterile dry vials for, 521* 

Respiration rate, temperature and, 255 
Riboflavin, 

in colostrum and milk, 927 
in cow’s colostrum, 581* 
in mare’s colostrum and milk, 73 
in milk, stability during refrigeration, 
371 

secretion in milk and urine following 
supplementary feeding, 867 
Rodent hairs, 
air as source of, 473 
removal from cream, by farm separators, 
723 
Rumen, 

bacteria of, isolation and characteriza- * 
tion, 891 

lability of ascorbic acid in, 673 
Rump, inclination of, relation to inclina¬ 
tion of udder, etc., 25 
Rutin, as antioxidant for fat, 397 

SANITATION, dairy, quaternary am¬ 
monium compounds for, 519* 

Scours, calf, influence of vitamin supple¬ 
ments on, 115, 175 

Season, and fertility level in artificial in¬ 
semination, 817 
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Semen, 

bacterial content, influence of strepto¬ 
mycin on, 542* 

fertility of, influence of sulfanilamide in 
, diluent, 361 

livability, influence of streptomycin on, 
542* 

oxidative mechanisms in, 547* 
pH, influence of management, breed and 
season on, 933 
thyroxine addition to, 543* 

Separator, 

cream, bowl cleaned by centrifugal flush¬ 
ing, 351 

farm, removal of extraneous matter by 
use of, 723 

Shade, influence on cow comfort, 255 
Sherbet, phosphatase test for, 517* 

Silage, 

alfalfa, 

and vitamin A in milk, 103 
preservation of, 785 
corn, 

acetic acid addition to, 570* 
in dairy ration, 567* 
corn-treated meadow crop, acetic acid ad¬ 
dition to, 570* 

dehydrated alfalfa., carotene losses from, 
568* 

car corn, in dairy ration, 567* 
grainless corn, in dairy ration, 567* 
grass, 

grass-legume mixtures for, 573* 
preservation of, 103 
2-quart glass jars as silos for, 775 
wilted, antirachitic properties of, 583* 
Silage density, effect of pressure and crop 
condition on, 569* 

Solubility, of dried milk, 463 
Soybean oil, 

in filled milks, for calves, 587* 
in rations for calves, 87 
Soybeans, 

and milk flavor, 555* 
and vitamin A deficiency in dairy cattle, 
566* 

Spermatogenesis, vitamin A effect on, 687 
Spray drier, design and operation, 526* 
Sprinkling, influence on cow comfort, 255 
Stabilization, of evaporated milk, by ion- 
exchange principle, 737 


Stage of lactation, influence on milk com¬ 
position, 425 

Staphylococci, filtrate from, infusion into 
mammary gland of, 561* 

Storage, of dry whole milk, 527* 
Streptococcus agalactiae, 
chemical destruction of, 519* 
filtrate from, infusion into mammary 
gland of, 561* 

Streptococcus lactis , bacteriophage for, 507 
Streptomycin, influence on semen livability 
and bacterial content, 542* 

Sucrose, inversion of, by invertase, 521* 
Sulfanilamide, 

in oil, for intramammary treatment of 
mastitis, 562* 

influence on fertility of semen, 361 
Sunlight flavor, of milk, chemistry of, 535* 
Sweet potatoes, dehydrated, feeding value 
of, 558*, 769 

TTeMPERATURE, cow body, atmospheric 
temperature and, 255 

Test day, 24- vs. 26-lir., influence on milk 
and fat production, 951 
Thiamin, 

in mare’s colostrum and milk, 73 
secretion in milk and urine following sup¬ 
plementary feeding, 867 
Thiobarbital, concentrations in blood and 
tissue, 580* 

Thiouracil, 

absorption and elimination in ruminants, 
577* 

and mammary lobule-alveolar growth in 
mice, 578* 

concentrations in blood and tissue, 580* 
Thyroprotein, 

effect on heart rate, 576* % 
feeding to dairy cattle, 574*, 576* 
influence on milk production, 313 
therapeutic value for ketosis, 575* 
Thyroxine, addition to semen, 543* 

Time lag, between udder washing and 
milking attachment, 580* 

Tocopherol, in colostrum and early milk, 
560*, 849 

Torula cremoHs, whey fermentation by, 263 
Type ratings, 
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correlation -with butterfat production, 
550* 

variations in, 549* 

Tyrosine, free, in milk treated by pancre¬ 
atic enzymes, 885 

U DDER, nerve regeneration in, 9 
Udder washing, quaternary ammonium com¬ 
pounds for, 564* 

Urine, 

ascorbic acid in, 649 
vitamin B complex secretion in, follow¬ 
ing supplementary feeding, 867 

V ACREATOB, for condensing ice cream 
mix, 540* 

Vapor pressure-moisture relationships, in 
dry milk products, 525* 

Vitamins, 

A, 

as supplement for calves, 115, 175 
blood plasma levels of, in calves, 795 
deficiency of, 

in dairy cattle fed soybeans, 566* 
in young dairy bulls, 687 
effect on milk and fat yields, 279 
feeding and concentration in liver, 279 
feeding level, effect on depletion time 
in calves, 583* 

in blood serum, as influenced by feed¬ 
ing vitamin A, 279 
in colostrum, 343 
in colostrum and milk, 927 


in milk, grass silage and, 103 
liver storage of, in calves, 115 
natural ester of, use by heifers of, 
586* 

spermatogenesis affected by, 687 
A alcohol, 

use by heifers of, 586* 

B complex, 

secretion in milk and urine, 867 

C, 

in milk, iodinated casein and, 443 
requirement for calves, 87 

D, 

blood plasma levelB of, in calves, 795 
colostral storage of, 787 
comparative content of hays and sil¬ 
age, 583* 

effect on blood changes at parturition, 
564* 

for calves, 175 

from irradiated yeast supplement, 787 
in colostrum, effect of supplementation 
on, 588* 

placental transfer of, 588*, 787 
supplementary, for calves, 175 
Volatile acidity, of milk, methods for, 531* 
Volumetric analysis, graphic procedure for 
Tesults of, 534* 

EIGHT, maintenance of, by feeding of 
producing cows, 41 
Whey, 

as alcohol source, 263 
phosphatase test for, 517* 
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ABSTRACTS OF LITERATURE 

BOOK REVIEW 

1. Modem Development of Chemotherapy. E. Havinga, H. W. Julius, 

H. Veldstba, and K. C. Winkler. Edited by I. R. Houwink and 
J. A. A. Ketelaar. 175 pages. $3.50. Elsevier Publishing Com¬ 
pany, Inc., New York. 1946. 

This publication represents one of a series of monographs on the progress 
of research in Holland during the war. These monographs, begun during 
the war, contain information most of which was kept secret until the end of 
the war. 

The discussions include: (1) An introduction which emphasizes the im¬ 
portant aspects of chemotherapy; (2) Bacteriological and physiochemical 
investigations on the mechanism of the action of the sulfonamides and of 
para-aminobenzoic acid; (3) Chemical investigations including synthesis 
and activity of sulfonamide derivatives and related compounds, action of 
sulfonamides on enzymes and analytical experiments on quantitative deter¬ 
mination of sulfonamide derivatives and para-aminobenzoic acid; (4) In¬ 
vestigations on pharmacology, immunology, and dinico-therapeutical results 
including studies on streptococci, pneumococci, meningococci, gonococci, 
and other organisms; (5) Mycotherapy investigations on expansine, a prod¬ 
uct stemming from studies on antagonistic effect of antibiotics on plant 
pathogens. 

The monographs are well written and presentations of data enhanced by 
numerous tables, figures, and structural formulas. P.R.E. 

BACTERIOLOGY 

2. The Selective Action of Penicillin in the Isolation of Brucella abortus 

from Milk. Helen A. Lacy, L. J. Rode, and V. T. Schuhardt, 
Brucellosis Research Project of the Clayton Foundation, Univer¬ 
sity of Texas, Austin, Texas. Jour. Bact., 52, 3:401. September, 
1946. Abs. Proc. of Local Branches. 

“Pooled milk samples from the four quadrants of the udder were col¬ 
lected in sterile test tubes by hand milking from 564 cows. The cream from 
these samples was plated in duplicate on the usual gentian violet tryptose 
agar (GVTA) and on this medium containing 1 Oxford unit of penicillin 
per cubic centimeter (PGVTA). Brucella abortus colonies were isolated 
a total of 87 times from the two media. In 58 instances B. abortus was iso¬ 
lated on the PGVTA and not on the duplicate GVTA. In only 1 instance 
•was the reverse of this situation true. In 20 instances the PGVTA plates 
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showed more than 50 B. abortus colonies, whereas not one of the GVTA 
plates showed more than 50 colonies. In 12 instances the PGVTA plate 
showed more than 50 colonies of B. abortus, whereas not a single colony was 
found on the duplicate GVTA plate. B. abortus was isolated from 86 (15.24 
per cent) of the 564 samples on PGVTA and from 29 (5.14 per cent) of the 
samples on GVTA. ” D.P.G. 


BUTTER 

3. Testing Sour Cream for Extraneous Matter. Kenneth M. Benner, 
Texas Technological College, Lubbock, Texas. Southern Dairy 
Products Jour., 38, 4: 64. October, 1945. 

The following methods of filtering four-ounce samples of sour cream were 
used: (1) Soda Solution (Illinois Method), (2) Dry Soda Method, (3) Acid 
(HC1) Method recommended by Prof. M. G. Pederson of Texas Techno¬ 
logical College, (4) Texas Tech. Method (Calgon-Diversey-USN-Citric 
Acid), (5) Special Solution designated by the Diversey Company as X-300, 
(6) Special Powder Solution, designated by the Diversey Company as D-229. 

The first four tests have been recently described by the American Butter 
Institute. Method 5 consists in adding nine ml. of Solution X-300 to the 
cream sample, stirring for one minute, thoroughly stirring in eight ounces 
of water at 180-190° P. and filtering. For Method 6 make a 10% solution 
of D-229 in distilled water, heat to 160-180° F., stir frequently, allow to cool, 
and filter. Add two ounces of this stock solution to a sample, mix, allow to 
stand two or three minutes, add eight-ounces of 180-190° water, mix well, 
and filter. 

All methods filtered ordinary farm cream successfully except that Method 
1 did not filter 35-50% cream five days old and Method 2 was not suc¬ 
cessful at five days for 50% cream and at seven days for 35-40% cream. 
When one ounce of a 50% solution of citric acid was added to each gallon 
of water used for diluting the cream, Methods 1 and 2 were successful 
on Grade A cream'until it was at least seven days old. The use of untreated 
water with a hardness exceeding 15 grains caused difficulty in the alkaline 
methods. « 

Good results were obtained from Method 1 when the cream was al¬ 
lowed to stand three minutes after the addition of dry sodium bicarbonate, 
hot water added at 180° and the mixture stirred for three minutes before 
filtering. 

Any differences between the methods in dissolving some of the sediment 
were not considered of material importance. Results were satisfactorily 
duplicated by each method provided the cream was thoroughly mixed before 
sampling. F.W.B. 
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CHEESE 

4. Paying for Swiss Cheese on a Solids and Fat Basis. Arthur B. Erek- 

son, Plymouth, "Wisconsin. Natl. Butter and Cheese Jour., 37, 
10: 48. October, 1,946. 

This method of payment is intended to give the producer of Swiss cheese 
an incentive to make cheese with optimum amounts of fat and moisture. It 
may also serve to protect the buyer who wishes to store cheese with high fat 
and low moisture and is willing to pay for it. Cheese with more fat or less" 
moisture, or both, under this plan commands a proportionately higher price. 
Cheese with less fat or more moisture or both is worth less. It is calculated 
that cheese of optimum composition containing 61% dry matter, of which 
45% is fat, has 0.2745 pounds of fat per pound of cheese. Cheese with the 
same dry matter, of which 46% is fat, contains 0.2806 pounds of fat and 
0.3294 pounds of solids-not-fat per pound of cheese. This amount of solids- 
not-fat requires only 0.2695 pounds of fat to give the cheese the desired 45% 
fat in the dry matter so there is an excess of 0.0111 pounds of fat for which 
extra payment is needed. All of the value of the cheese price is assigned to 
the dry matter. The difference between the cheese-solids price and the price 
of butterfat in cream then is used to calculate the value of the amount of fat 
over or under the optimum. These calculations have been made and tabu¬ 
lated to show the value of a wide range of cheese compositions at the market 
price for Swiss cheese of 33 cents per pound. In order to sell the cheese 
beyond the primary market so that variations in purchase price will he fairly 
covered, it is recommended that the average compositions of cheese in each 
grade on the market be used to calculate the solids-plus-fat value of the 
cheese in those grades. W.V.P. 

5. A Discussion on Cheese Standards of Identity. Raymond Miollis, 

Natural Cheese Co., Maywood, Illinois. Natl. Butter and Cheese 
Jour., 37, 11: 36. November, 1946. 

The proposed ‘‘Standards of Identity for Cheese” is inadequate, espe¬ 
cially for semi-hard and soft cheese of the imported type. The European 
nomenclature can be disregarded because the names are meaningless and 
obsolete for purposes of definition in the United States. The descriptions 
of manufacturing processes in the proposed standards are vague, erroneous 
and incomplete. Pasteurization of milk for all cheese should be compulsory 
and without the 60-day optional curing alternative. The amount of milk 
fat to be left in the cheese ‘‘should be left to the discretion of the cheese- 
maker, and after the cheese is made every cheese should be branded . . . 
with the butterfat content in multiples of five, followed by the sign +.” 
Semi-hard and soft cheese should have no moisture limits. W.V.P. 
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ICE CEEAM 

6. Research on Milk Solids-Not-Fat. B. I. Masurovsky. Ice Cream 
Trade Jour., 42, 6: 68. June, 1946. 

Serum solids consist of milk protein, such as casein and albumen, which 
are used to build tissue and muscles. They also include the milk minerals 
to aid in the formation of bones and teeth. The average satisfactory serum 
solids in ice cream is about 11 per cent, depending upon the butterfat content 
of the mix. A high butterfat content requires less serum solids, but in no 
case should the combined milk solids exceed 22 per cent. Serum solids for 
ice cream are furnished by concentrated skim milk, plain or superheated; 
sweetened condensed skim milk; skim milk powder (spray process); and 
modified milk solids containing reduced quantities of sugar. Also, sweet 
buttermilk solids may be used. Skim milk used in the manufacture of skim 
milk solids should be tested for acidity, flavor, and sanitary quality. 

W.H.M. 


7. The Use of Processed Fruits, Nuts, and Other Flavors. E. C. Wet- 

more, Richardson Corp., Rochester, N. Y. Ice Cream Trade Jour., 

42, 6: 56. June, 1946. 

Some of the advantages of using processed fruits, nuts, and other flavors 
in ice cream are uniform flavor and color in the finished ice cream, conveni¬ 
ence in using, reduction of contamination of the ice cream because they 
are pasteurized after packing and sealing, and insurance of the maximum 
amount of flavor, because such fruits are usually selected and packed when 
they are at the right stage of ripeness. Nuts processed and packed in syrup 
retain their flavor and crispness in ice cream. Other flavors such as choco¬ 
late can also be obtained in sealed cans, and such flavors are usually uniform 
due to the ability of the processor to select the right blend of cocoa and 
chocolate liquor. W.H.M. 

8. Powdered Ice Cream Mix. S. T. Coulter. Ice Cream Trade Jour., 

42, 5:42. May, 1946. 

Dry ice cream mix is processed by condensing the milk-cream mixture 
which has been adjusted to the desired ratio of fat to solids-not-fat. Stabil¬ 
izer dissolved in hot water, color, and sugar are then added to the condensed 
milk, and the mixture spray-dried to about 1 per cent moisture. 

The capacity of the drier can be increased by adding only a portion of 
the sugar to the liquid mix prior to drying, and then blending the remainder 
of the sugar with the dry mix. Vegetable stabilizers are preferred to those 
of animal origin. Glycerol monosterate, egg yolk solids, powdered butter¬ 
milk, and sodium caseinate improve the whipping properties of dry ice cream 
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mix. The composition of dry ice cream mix varies, but the following is 
-typical: 

Pat .27-29 per cent 

M.S.N.P.26-27.5 per cent 

Sugar .40-44 per cent 

Stabilizer .0.6-1 per cent or more 

Moisture.1.2 per cent 

The milk products are usually preheated to 190° P. for 5 minutes or more 
-or to a higher temperature for a shorter holding period, to retard oxidative 
deterioration. Prompt cooling of the powder to 100° P. or less before it is 
packed is desirable. Cooling decreases cooked flavor and the rate of devel¬ 
opment of stale flavor. Low moisture and oxygen levels and storage of the 
powder at a low temperature (below 70° P.) are the principal means of 
retarding the development of stale flavor. W.H.M. 

9. Ice Cream Through Countless Ages. Anonymous. Southern Dairy 
Products Jour., 38, 4: 34. October, 1945. 

Marco Polo during his journeys through the Orient in the fifteenth cen¬ 
tury became so fond of wines and sweetened water iced with snow from the 
mountains that he introduced the delicacy to his native Italy upon his return 
home. The Italians soon discovered that snow treated with saltpeter pro¬ 
duced a mixture capable of freezing water ices. 

About 1550 the Italians flavored the sweetened water with fruit juices 
and then substituted milk for water in the mixture. More and more cream 
was used. In the same century Catherine de Medici brought water ices into 
Prance and Italians set up water-ice shops in that country. Fancy molds 
were first introduced in 1774. The Germans introduced ice cream decorating 
as an art. 

Ice cream was brought to England by Carlo Gatti from Prance, and 
King Charles I introduced it to his court. There are many conflicting stories 
as to who introduced ice cream to the United States. There are accounts of 
the serving of ice cream at the White House during the administrations of 
Andrew Jackson and James Madison and the product was advertised in New 
York and Baltimore 1786 to 1789 and in New Orleans in 1808. 

The beginning of the wholesale manufacture of ice cream is credited to 
Jacob Pussell of Baltimore, Maryland, in 1850. The commercial manufac¬ 
ture spread to most of the other states during the remainder of the century. 

Inventions of the Mojonnier milk tester in 1915, the ice cream overrun 
tester in 1917, the ice cream packaging machine in 1920, the Creamery Pack¬ 
age 80-quart freezer in 1917, the ice cream cone in 1904, and the Eskimo Pie 
in 1921 were noteworthy contributions to the industry. Pennsylvania State 
College began instruction in the manufacture of ice cream in 1892 and Iowa 
State College in 1901. .W.B. 
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10. The Use of Fruit Purees in Ice Cream. C. L. Bedford, Dept, of 
Horticulture, State College of Washington, Pullman, Washington. 
Ice Cream Trade Jour., 42 , 5:44. May, 1946. 

Unsweetened fruit purees may be made by passing such fruits as rasp¬ 
berries, loganberries, boysenberries, youngberries, strawberries, Santa Rosa 
plums, and similar fruits through a tomato-juice extractor or a finisher such 
as is used to remove peel from cooked squash or pumpkin. The fruits should 
be pureed at 40-50° F. and then frozen. A deaerator may be used to remove 
air. This prevents changes in color and flavor during freezing, storage, and 
thawing. Peaches, apricots, and pears should be scalded or steamed for 4 
to 5 minutes to prevent darkening when exposed to air. 

Fruit purees may also be prepared by adding sugar or syrup to the puree. 
Two volumes of berries, sour cherries, plums, and strawberries may be frozen 
with 1 volume of 67% syrup; apricots and nectarines, 1 volume pulp to 1 
volume of 50% syrup; and blackberries, Bing cherries, pears, 3 volumes pulp 
to 1 volume of 67% syrup. 

Other types of fruit purees contain gelatin or pectin, and they may be 
used in making fruit ribbon, ripple, or marble ice cream, or in making a 
product developed by the Western Regional Research Laboratory called 
“Velva Fruit”. 

The formula for “Velva Fruit” is varied slightly for different fruits, but 
two typical formulas for 100 gallons of mix are given. 

For unsugared fruit puree with high acid and low pectin content—such 
as raspberries, boysenberries, loganberries, youngberries, Santa Rosa plums, 
strawberries, and similar fruits: 


Puree.640 lbs. 610 lbs. 

Sucrose .265 lbs. 170 lbs. (high-conversion com 

Gelatin (275 Bloom) ...... 5 lbs. 13 ozs. 5 lbs. 13 ozs. sirup—125 lbs.) 

Water .60 lbs. 60 lbs. 


For fruits with low acid and high pectin content, such as unsugared 
apricots, pears, peaches, and similar fruits: 

Puree...680 lbs. 

Sucrose - 225 lbs. 

Gelatin (275 Bloom). 5 lbs. 13 ozs. 

Water —- 60 lbs. 

Citric acid-- 1 lb. 14 ozs. 

In the high-acid fruits the soluble solids content should be about 37 to 38 
pear cent with about 1 part sugar to 2.4 parts of fruit puree. Com simp can 
be substituted for one-third of the sugar.. It must be added in a 8 to 2 ratio 
to maintain the same sweetness. 
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In the low-acid fruits a soluble solids of 34 to 35 per .cent and a sugar- 
fruit ratio of 3 to 1 is satisfactory. 

In the preparation of the mix, the puree, sugar, and citric acid (if used) 
are mixed together until well dissolved. This should be kept relatively cool. 
The gelatin is mixed with ten times its weight of water and is heated to 170 
to 180° F. to dissolve and “sterilize” it. During the addition of the gelatin 
sol the mix is stirred in order to prevent the formation of stringy gelatin in 
the mix. If a batch freezer is used, the gelatin sol can be stirred into the 
mix in the freezer before the refrigerant is turned on. W.H.M. 

11. Blower-Type Evaporators in Ice Cream Plants. C. H. Minster. 

Ice Cream Trade Jour., 42 , 8: 34. August, 1946. 

The blower type evaporator for ice cream plants has several advantages 
over the conventional unwieldy multiple-coil evaporator. It takes up less 
space, hardens ice cream faster, permits use of higher back pressures, lowers 
operation cost, is easily moved from one location to another, is easily de¬ 
frosted, and requires little time for installation. 

Two common troubles encountered in the operation of blower evaporators 
are frost on the coil and oil congealing in the float, surge drum, or coils. 
Most low-temperature units are equipped with a device for defrosting with 
calcium chloride brine. Sometimes these defrosters give trouble because 
of clogged brine spray, failure to close suction and liquid valves, weak brine, 
tendency to stop brine circulation before coils are completely defrosted, and 
the tendency to defrost only when frost has built up to a point where the 
circulation is reduced to a minimum. Heating the brine tended to offset 
these difficulties. 

Some of the problems encountered with oil are: (1) Oil congeals in the 
float-valve orifice, preventing ammonia from entering the coils. Result: 
The evaporator would pump out and, with no refrigerant in it to absorb 
heat, all refrigeration would stop. (2) Oil, passing through the float-valve 
orifice with the float-open, would congeal as soon as it hit the lower tempera¬ 
ture of the float housing. Here it would build up and support the float in 
an open position. Result: Ammonia entered the coils in a steady stream 
and in quantities in excess of that required to maintain proper ammonia 
level. This ammonia would flood back on the compressor. (3) Oil would 
gradually accumulate and congeal in the bottom coils of the evaporator, re¬ 
sulting in reduced or completely shut off entrance of ammonia to coil, which 
further resulted in either refrigerant starvation or complete pump-out of 
the coils, thus slowing or stopping refrigeration. (4) The bottom coils be¬ 
came filled with fluid oil, resulting in reduced efficiency and heat transfer, 
and impediment of ammonia travel. 

Remedies: (1) Maintain coils frost-free. (2) Constantly circulate air 
(from the room to be cooled) over the coils and back to the room. (3) Main- 
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tain the highest possible back pressure within the coils. (4) Keep the entire 
unit oil-free. 

Low-temperature blower type evaporators work better if installed in a 
separate room from the room to be refrigerated. Some of the advantages 
of such an installation are: (1) Maintenance work on the unit can be more 
readily performed. (2) Defrosting can be accomplished with plain water. 
(8) The unit can be warmed up while defrosting with a minimum rise in 
hardening room temperature. (4) Oil can readily be drained from the unit. 

W.H.M. 


12. Ice Cream with Less Sugar. E. L. Fours, Dairy Technologist, Florida 
Experiment Station, Gainesville, Florida. Southern Dairy Prod¬ 
ucts Jour., 38 , 5: 96. November, 1945. 

In 1943 the Florida Dairy Products Laboratory published Bulletin No. 
393, entitled “The Preparation and Use of Invert Sirup in the Manufacture 
of Ice Cream. ’ ’ In this bulletin, it was shown that it was possible to increase 
the sweetening power of cane or beet sugar by inversion. 

It is possible to lower the sugar content of ice cream to 12% or even less 
by increasing the serum solids proportionately. For example, if ice cream 
is being made with 10.5% fat, 11% serum solids, 14% sugar, and 0.25% 
stabilizer, the sugar can be reduced to 12% with a corresponding increase 
in serum solids from 11% to 13%, producing an ice cream which is quite 
satisfactory in sweetness and in other respects. Trials have shown that the 
serum solids content can be increased to 13.5% if necessary. The inversion 
of not more than 25% of the sugar also will tend to give increased sweetness. 
The use of invert sirup in excess of 25% of the total sugar lowers the freez¬ 
ing point of an ice cream mix so that it may be difficult to harden. 

It has been proven that the degree of sweetness in ice cream is influenced 
by the amount of water in the ice cream mix. This may be a partial explana¬ 
tion of why the sugar content can be reduced when the serum solids con¬ 
tribute additional milk sugar. Actually, then, when the sugar content is 
reduced from 14 to 12% and the serum solids increased from 11 to 13%, the 
sucrose content is reduced 2% but in turn the lactose content ns increased 
1%. If part of the sugar is inverted, the serum solids should be increased 
to maintain the same total solids in the mix, since the invert sugar sirup 
contains only about 70% sugar solids. 

The additional serum solids seem to cover up or absorb vanilla flavor. 
It is suggested that a little extra vanilla be added when increasing the per¬ 
centage of serum solids. To redupe the sugar content of ice cream enough 
to be worthwhile without making other changes will result in a thin eoarse- 
textured ice cream definitely lacking in sweetness and flavor. F.W.B. 
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13. Chocolate Ice Cream. C. D. Dahle, Pennsylvania State College. 

Southern Dairy Products Jour., 38 , 5 : 28-30. November, 1945. 

A sirup of two pounds of cocoa, two pounds of sugar and enough water 
to make a gallon of sirup is sufficient to flavor 10 gallons of finished ice cream. 
The reduction in the fat content of the mix from the addition of the sirup 
must be taken into account. The fresher the sirup the better is the flavor 
of the ice cream. 

The flavor, body and texture of chocolate ice cream are improved by 
making a chocolate mix. The main drawback is that frequently the viscosity 
of the mix is so increased that cooling is difficult. The causes of high vis¬ 
cosity of the mix are: (1) stabilizer, (2) pressure, (3) acidity, (4) amount 
and kind of chocolate, (5) composition of mix, and (6) pasteurizing tem¬ 
perature. 

Certain stabilizers cause more trouble than others. Reduce the amount 
used 20 to 30 per cent or more. 

Single-valve homogenization will cause greater viscosity than “two- 
stage”. The pressure on the single valve may be reduced from 2500 pounds 
to 1500 or less and in two-stage homogenization to 1500 and 500 pounds on 
the respective valves. The temperature of pasteurizing and homogenizing 
should be at least 160° F. 

The acidity of the unflavored mix should be standardized and vary from 
about 0.15% for 8% M.S.N.F. to 0.20% for 12% M.S.N.F. 

The more chocolate used the thicker and darker will be the product. The 
normal amount is 3-3J per cent. The flavor is carried by the cocoa solids- 
not-fat and not the fat. The amount of each chocolate product needed to 
flavor 10 gallons of ice cream is about as follows: chocolate liquor (50% 
cocoa fat), 3.0 lbs.; blend (35% fat), 2.3 lbs.; cocoa (25% fat), 2.0lbs. 

Chocolate ice cream contains more sugar than vanilla ice cream to reduce 
the bitterness from the flavor. The more cocoa used, the more sugar is 
needed. A lower cocoa content may be compensated by a reduction in sugar 
to make the cocoa “taste stronger”. 

Chocolate is a relatively inexpensive flavor. In 1938, it was used in 
flavoring 16.36% of the ice cream and was surpassed only by vanilla, used 
in 51.26%. 

Variegated chocolate ice cream may be made by adding a thick sweetened 
sirup to the ice cream as it is discharged from the freezer. The sirup may 
be purchased or made in the plant to contain 45—50% sugar, 1% stabilizer 
and 15% cocoa. 

Sweetened slab chocolate may be melted at 105° F. and added to the ice 
cream as it comes from the freezer to give the ice cream a specky appearance. 
The colder the chocolate and the ice cream, the larger will be the pieces. 

(The original article appeared in Serum Solids Digest and was reprinted 
by permission of Prestige Products Company, New York.) F.W.B. 
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14. Frozen Food Packaging—A Preliminary Study of Cavity Ice. C. I. 

Sayles, W. A. Gobtner, and Frances E. Volz, School of Nutri¬ 
tion, Cornell University, Ithaca, New York. Food Freezing, 1 , 
11:430. September, 1946. 

The term "cavity ice” is suggested to designate the formation of ice in the 
air spaces inside a package of frozen food stored in a cabinet. The condition 
is found even though water-vapor transmission is at a minimum because of 
protective covering. The condition arises from dehydration of the food 
within its protective covering, the resulting withdrawn moisture being de¬ 
posited as ice crystals within the cavities of a loosely packed product like 
snap beans or on the surface of a solid product like meat. The authors at¬ 
tribute the phenomenon in part to radiant heat transfer of moisture from the 
food to the air within the package. Interposition of foil prevented the 
formation of cavity ice because of its radiant heat transfer barrier between 
the package and side wall plates. Maintenance of temperature uniformity 
is highly important in order that the temperature gradient within the pack¬ 
age will be small, thus keeping down moisture abstraction from the food. 
Insulation of package was found to be effective in keeping down tempera¬ 
ture fluctuation but at present would be prohibitive in cost. In general, 
cabinet design which would favor a higher humidity level than that com¬ 
monly found would prevent moisture transferal. Also, keeping down the 
temperature change of refrigerated surface in cycling will aid materially. 
Seventeen illustrations and three diagrams. L.M.D. 

15. Frozen Food Stores. Vincent M.'Rabuffo. Ice Cream Trade Jour., 

42 , 7:26.- July, 1946. 

The Ice Cream Trade Journal has made .an ice cream sales survey in 
specialized frozen food stores in 17 eastern and midwest communities. It 
was found that the volume of sales ranged from 5 gallons to 300 gallons a 
week. All stores sold ice cream made by commerical manufacturers aud 
only one store expressed a desire to make its own ice cream. Sixty per cent 
handled a deluxe high-fat ice cream, while 40% handled the regular com¬ 
mercial grade. Packaged ice cream was sold by 95% of the stores. The 
other 5% handled both bulk and packaged ice cream. Most of the stores 
were not interested in dipping ice cream. The price on deluxe ice cream 
ranged from 38 cents to 50 cents per pint, and standard grades averaged 30 
cents per pint. Most of the deluxe grade sold for 45 cents per pint. 

The price paid to manufacturers for the regular grade ranged from 
$1.25 to $1.60 per gallon, with most of them paying $1.50. These prices pre¬ 
vailed during July before any general advance went into effect. The 
wholesale price for the deluxe grade ranged from $2.00 to $2.85 per gallon. 

Seventy-seven per cent of Jthe stores handling the deluxe grade had a 
mark-up of 50% or more. It has been established that a good quality ice 



MISCELLANEOUS 


All 


cream at a good price can be sold by these stores. These mark-ups have been 
higher than those enjoyed by other retail outlets on ice cream. W.H.M. 

PHYSIOLOGY 

16. The Relation of Temperature and the Thyroid to Mammalian Repro¬ 

ductive Physiology. Ralph Boqaet and Dennis T. Mates, Mis¬ 
souri University, College of Agriculture, Columbia. Amer. Jour. 
Physiol., 147 , 2 : 320-328. October, 1946. 

High temperatures cause a marked lowering in the activity of the re¬ 
productive organs of rams. 

Thyroxine or thyro-active proteins given to rams during periods of high 
temperature stimulate the reproductive organs and restore most of the re¬ 
productive activities to a level near that of the breeding season. 

Changes in semen characteristics similar to those resulting from high 
environmental temperatures are induced during the breeding season by ad¬ 
ministration of thiouracil. Thyro-active materials counteract the detri¬ 
mental effects of thiouracil upon reproduction. 

Since the temperatures which will reduce fertility in the ram are below 
the temperature at which the testes normally function, and since thyro- 
active materials restore reproductive activity during periods of high tem¬ 
perature, it is concluded that temperature is not influencing reproductive 
physiology by its direct effect on the testes. 

The stimulating effect of thyroxine during periods of high temperatures 
and the harmful effect of thiouracil administered during the normal breed¬ 
ing season suggest that the level of thyroid function influences the relative 
activity of the reproductive organs. D.E. 

MISCELLANEOUS 

17. Styrofoam—A New Thermal Insulation. 0. R. McIntibe and D. W. 

McCuaig, The Dow Chemical Company; Midland, Michigan. Re¬ 
frigerating Engineering, 52 , 3: 217. September, 1946. 

A polystyrene foam, “Styrofoam”, now being produced in limited 
quantities, is an extremely light plastic structure composed of many small 
plastic bubbles, each bubble being completely enclosed to make the entire 
plastic structure impermeable. Styrofoam 103.7 has a K factor of 0.27 to 
0.29 and cell sizes of 1/32 to 1/16 inch. Experimentally a product with 
aluminum powder incorporated in it has a R factor of 0.20 due to decreased 
infrared transmission. Styrofoam has in addition the following desirable 
factors: low specific gravity, low water absorption, high resistance to vapor 
diffusion, structural strength yet bendable, easily installed in sheets. Be¬ 
cause it is made from polystyrene, a thermoplastic, Styrofoam begins to dis- 
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tort upon continuous exposure to temperatures above 180° F. but at low 
temperatures it becomes tougher and stronger. Installation procedure in 
commercial applications such as cold storage plants can be followed as for 
corkboard with the single precaution that asphalt temperature must be 
kept low enough (not over 175° F.) to prevent the Styrofoam from soften¬ 
ing. Due to its very light weight it lends itself to the insulation of mobile 
equipment where the minimizing of weight is of prime importance. It 
should prove to be of exceptional value in the field of frozen foods trans¬ 
portation where the maximum of insulation effect is needed to hold low 
temperatures together with a maximum of goods weight and maximum of 
cargo space. L.M.D. 
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BACTERIOLOGY 

18. The Origin and Control of Thermoduric Organisms. Some Funda¬ 

mental Phases. David Levowitz, New Jersey Dairy Lab., New 
Brunswick, N. J. N. Y. State Assoc. Milk Kanit.., Ann. Kpt., 19: 
219. 1945. 

Thermoduric bacteria are present in milk freshly drawn from normal, 
healthy cattle. Research has not established whether poor health of cows 
raises their numbers. The cow does not affect the thermoduric content of 
milk enough to affect municipal milk standards. Bedding, manure, and 
feed dusts are sources of thermoduric bacteria. The sediment test would 
begin to mean something if straining of milk on the farm were eliminated. 
Contamination of milking machines with thermoduric bacteria may become 
important when machines are not handled properly. 

Although thermoduric bacteria are not pathogens, they are associated 
with unclean equipment surfaces and should be held at minimum numbers. 
It is difficult to sterilize film-coated surfaces. High-temperature, short-time 
pasteurization cannot yield thermoduric counts as low as the holder method. 

A.C.D. 

19. Significance of Thermoduric and Thermophilic Bacteria in Milk 

and Their Control. F. W. Fabian, Division of Public Health, 
Michigan State College, East Lansing, Mich. Jour. Milk Teclinol., 
9, 5: 273-278. Rept.-Oct., 1946. 

Thermophilic bacteria are more resistant than thermoduric organisms. 
They are distributed widely in feeds, grain, soil, cow hairs, manure, and 
improperly cleaned utensils. These organisms may contaminate the dairy 
plant from producers’ milk and be propagated in the pasteurizing equip¬ 
ment, if it is not properly cleaned. These groups of organisms are not 
pathogenic. Their presence in appreciable numbers in milk indicates 
unsanitary practices both on the farm and in the milk plant. H.H.W. 

20. Heat Resistant Bacteria from an Unclean Milking Machine Invade 

the Udder of the Cow. C. S. Bryan, H. S. Bryan, and Karl 
Mason, Michigan Agricultural Experiment Station, East Lansing, 
Mich. Milk Plant Monthly, 35, 8 : 30-32. 1946. 

The properly pasteurized milk from a small dairy increased during a 
4-montli period from its normal level of 15,000 to as high as 2,500,000 on 
some days. Despite careful plant cleaning and sanitizing, the high count 
continued. The source of the high count of heat-resistant bacteria was 
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found to be the milk of one of the seven producers. An unclean milking 
machine contributed heat-resistant bacteria to the milk, both directly during 
the milki n g process and indirectly by inoculating the cows’ udders with 
these bacteria. The cows were free of the heat-resistant bacteria in periods 
varying from 1 to 4 months after the milk equipment was properly cleaned 
and sanitized. During this same period, the standard plate count of the 
properly pasteurized milk of this dairy decreased to its previous level of 
10,000 to 25,000. G.M.T. 

21. Thermal Death Range of Bacteria in Milk. A New Electric Sam¬ 

pling Device. F. W. Gii-creas and J. E. O ’Brien, New York State 
Dept, of Health, Albany, N. Y. N. Y. State Assoc. Milk Sanit., 
Ann. Rpt., 19: 237. 1945. 

Study of the destruction of pathogenic bacteria by temperatures higher 
than now employed in the dairy industry is needed. Recently the Trumbull 
Electric Co. of Plainville, Conn., constructed a mechanism, based upon ideas 
of C. W. Weber, which makes possible laboratory pasteurization with accu¬ 
rate one-second holding intervals. The equipment is electrically activated 
and adds culture and withdraws samples by syringes. Tests were made on 
one ordinary Escherichia coli culture and two heat-resistant strains from 
the U. S. Public Health Service. It was concluded that the thermal death 
.point for E. coli is not constant, and “therefore only a thermal death range 
based on results of repeated tests with many cultures can be determined.” 

A.C.D. 

22. The Survival of Staphylococci Food Poisoning Strain in the Gut 

and Excreta of the House Fly. Sarah Moorehead and Harry 
Weiser, Dept, of Bacteriology, Ohio State University, Columbus, 
Ohio. Jour. Milk Technol., 9, 5: 253-259. Sept.-Oct., 1946. 

A food-poisoning strain of staphylococcus, Staphylococcus aureus 611, 
suspended in a dilute sucrose solution, wgs fed to 900 “cultured” houseflies, 
Musca domestica. The test organism was recovered from the digestive tract 
in some of the flies periodically through 8 days. 

Staphylococci not of a food-poisoning strain were isolated frpm the diges¬ 
tive tract of 10 of the 50 wild-caught flies examined. This indicates that 
staphylococci may be commonly carried by flies. 

Musca domestica may serve as a reservoir host for Staphylococcus aureus 
611, and under suitable conditions the fly may initiate or augment a food¬ 
poisoning outbreak by spreading staphylococci from infected handlers or 
dirty equipment to food and from contaminated supplies to good foodstuffs 
which are favorable for enterotoxin production. The organism may survive 
in the digestive tract of the housefly several days after contamination and be 
deposited on food even after the carrier source has been removed or after the 
fly has sought a new feeding location. H.H.W. 
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23. The Influence of Surface Active Cationic Germicides on the Bac¬ 
terial Population of Milk. Adrien S. DuBois and Diana D. 
Dibbles, Onyx Oil and Chemical Co., Jersey City, N. J. Jour. 
Milk Technol., 9, 5: 260-268. Sept.-Oct., 1946. 

Alkyldimethylbenzylammonium chloride did not influence the bacterial 
counts of raw or pasteurized milk at concentrations ranging from 1: 500 to 
1:25,000. The higher concentrations had an inhibitory effect on the growth 
of Gram-positive acid-producing organisms but did not affect the Gram¬ 
negative bacteria. When this compound was used in lower concentrations, 
no such effect was noted. A chemical method for the estimation of surface- 
active cationic germicides in milk and a qualitative test for their detection 
in solutions are described. H.H.W. 


BUTTER 

24. Experiments on the Packing and Storage of Butter. Part V. The 

Effect of the Temperature-Level of Storage on the Keeping 
Quality. C. R. Barnicoat, Dairy Res. Inst., Palmerston North, 
New Zealand. New Zeal. Jour. Sci. and Technol., 27A, 4 : 343- 
348. Dec., 1945. 

At storage temperatures between 14° and 60° F., the average rate of 
deterioration of well-made sweet cream butter, as measured by decrease in 
the score for flavor, was related directly to both time and temperature. The 
average rate of loss in score increased by about 0.15 point per week for each 
10° F. rise in temperature above 14° F. 

The slight advantage obtained by storage at - 5° F. instead of 14° F. was 
not warranted by the extra cost. W.C.F. • 

25. Some Experiments on the Use of Parchfoil and Pliofilm for the Wrap¬ 

ping of Butter in Pinus radiata Boxes. F. H. McDowall, Dairy 
Res. Inst, Palmerston North, New Zealand. New Zeal. Jour. Sci. 
and Technol., 27A, 4 : 303-308. Dec., 1945. 

A strong wood flavor developed within 10 days in butter wrapped in 
parchment and packed in boxes made of Pinus radiata. Wrapping in parch¬ 
foil (aluminum foil between parchment sheets) prevented the development 
of primrose color on the surface and wood taint in the butter up to 2 years, 
except where the wrappers joined. Pliofilm wrapping prevented the color 
defect but permitted the absorption of the flavor within 6 months. The 
treatment of the box with pliowax did not prevent the taint. Tensilized 
pliofilm was not satisfactory. Little trouble with mold growth was encoun¬ 
tered, but under commercial conditions molds might appear under the 
pliofilm. W.C.F. 
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26. Measurement of the Gas Content of Concentrated Butter and Other 

Fat Products. G. L. Hills and J. Conochie (Div. Indust. Chem.). 
Austral. Council Sci. & Indus. Res. Jour., }S, 4 : 366-372. Nov., 
1945. 

A modification of the method of Ralin and Mohr is described. 

W.C.F. 

27. The Manufacture of Dry Butterfat and of “Butter Concentrated 

Hardened.” W. J. Wiley and G. W. Coombs (Dairy Research 
Section). Austral. Council Sci. & Indus. Res. Jour., 19, 1: 140- 
146. Feb., 1946. 

Methods for large-scale production are described. W.C.F. 

28. Experiments on the Manufacture and Storage of Ghee. C. R. 

Baknicoat, Dairy lies. Inst., Palmerston North, New Zealand. 
New Zeal. Jour. Sci. and Techiiol., 27 A , 4: 309-319. Dec., 1945. 

Attempts to produce ghee from cow butterfat yielded a product resem¬ 
bling Indian ghee but. not entirely characteristic. Dry New Zealand butter¬ 
fat was found to be acceptable to the Indian trade. These products when 
canned kept fairly well over 9 years of storage at 40° F. W.C.F. 

CHEESE 

29. The Effect of Hydraulic Pressing on Cheese Texture. H. K. White- 

head, Dairy Res. Inst., Palmerston North, and L. J. Jones, Dairy 
Div., Dept, of Agr., Wellington, New Zealand. New Zeal. Jour. 
Sci. and Technol., 27A, 5: 406-410. Feb., 1946. 

When pressing cheddar cheese by hand-screw presses was compared with 
pressing by hydraulic presses, use of the latter almost, eliminated “mechani¬ 
cal” openness in normal cheese of good quality but did not influence “slit” 
openness which may develop later. W.C.F. 

CHEMISTRY 

30. Surface Chemistry in Chemical Cleaners. George J. Lehn, Turco 

Products, Inc. Milk Plant Monthly, 35, 7: 50-53. 1946. 

Much time is spent in eliminating soil, such as film, scale, rust, and uasein 
accumulations, from surfaces of dairy equipment. New knowledge of 
cleaners points more toward surface chemistry, which involves destroying 
the bond holding the soil to the surface. Wetting action brings cleaning 
solutions into close contact with oily, fatty, adhesive films, in order that soil 
may be dislodged more easily. Better wetting is made possible by the 
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control of surface and interfacial tensions. Cleaning a surface involves 
wetting, emulsifying, saponification, and solvent action. Carefully formu¬ 
lated cleaners are buffered so that their cleaning energy will be retained. 
Also, properly formulated cleaners condition and control the precipitation 
of minerals in hard water, thus assuring free and complete rinsing. Appli¬ 
cations of surface chemistry to cleaners should save enormous amounts of 
production time and costs in dairy sanitation. G.M.T. 

31. The New Non-Chlorine Disinfectants. D. II. Jacobson. Ice Cream 

Field, 48, 4: 70. Oct., 1946. 

Quaternary compounds are compared with chlorine compounds as germi¬ 
cides. The following advantages of quaternary compounds in dairy plants 
are listed: (a) non-corrosive on common metals, (b) non-toxic, (c) stable 
under heat and over long periods of time in common dilutions, (d) non¬ 
irritating to the skin, (e) colorless and odorless in common dilutions, (f) 
rapid wetting and penetrating action, (g) relatively non-selective towards 
various types of bacteria, (h) surfaces may be rendered bacteriostatic for 
some time after treatment, (i) not affected by hard water salts. 

The organization of the “National Sanitation Foundation” in 1945 in 
the School of Public Health at the University of Michigan is mentioned. 
This organization is supported by the industry, and expectations are that 
the information required for developing the use of the products in dairy 
plants will be supplied. Brief mention is made of some experimental results 
already published by other workers. W.C.C. 

32. The Use of Quaternary Ammonium Compounds in the Dairy In¬ 

dustry. C. A. Lawrence, Winthrop Chemical Co., Rensselaer, 

N. Y. N. Y. State Assoc. Milk Sanit., Ann. Rpt., 19: 177. 1945. 

The quaternary ammonium compounds are surface-active agents con¬ 
sisting of two parts, a hydrophilic group and a lipophilic group. Since the 
lipophilic group is charged positively, these compounds also are known as 
cationic sterilizers. The wetting action, degree of detergency, and lowering 
of surface tension do not in themselves determine sterilizing action. The 
cationic sterilizers are effective for both Gram-positive and Gram-negative 
bacteria. These are most effective in alkaline solutions. 

The cationic sterilizers are non-corrosive, non-toxic, odorless and non¬ 
irritating to the skin. They have high phenol coefficients. High concen¬ 
trations of organic matter reduce their efficiencies. Soap and other anionic 
detergents also reduce their efficiency. These cationic compounds (alkyl- 
dimethylbenzylammonium chloride known as Zephirol, Zephiran, and Roccal 
was given as an example) have been found to be effective in sterilizing dairy 
equipment. A.C.D. 
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33. Higher Fatty Acid Derivatives of Proteins. W. G. Gordon, A. E. 

Brown, and R. W. Jackson. Eastern Regional Res. Lab., U. S. 
Dept, of Agr., Philadelphia 18, Pa. Indus, and Engin. Chem., 
Indus. Ed., 38, 12: 1239-1242. Dee., 1946. 

Casein and other proteins were modified by preparing a series of novel 
fatty-acid derivatives by the reaction of acid chlorides with the proteins dis¬ 
solved in aqueous alkali. The procedure developed gave derivatives of 
casein which were acylated to the extent of approximately 20% by substitu¬ 
ent groups ranging from caprylyl to steoroyl. The physical and chemical 
properties of palmitoyl casein are discussed. The acylated products show 
reduced affinity for water and altered solubilities. B.H.W. 

34. Plastic Properties of Higher Fatty Acid Derivatives of Proteins. 

W. G. Gordon, A. E. Brown, C. M. McGrory, and E. C. Gall, 
Eastern Regional Res. Lab., U. S. Dept, of Agr., Philadelphia 18, 
Pa. Indus, and Engin. Chem., Indus. Ed., 38, 12: 1243-1245. 
Dec., 1946. 

Data on the water absorption and tensile and flexural strengths of molded 
test specimens of the higher fatty-acid derivatives of casein and other pro¬ 
teins are compared with similar data for casein hardened with formaldehyde. 
The acylated casein molding powders flow well in small positive type molds, 
and the molded pieces do not require further treatment with formaldehyde 
to yield finished articles. The molded specimens were light to dark yellow 
and translucent, with many almost transparent. B.H.W. 

CONCENTRATED AND DRY MILK; RY-PRODUCTS 

35. Keeping Qualities of Whole Milk Powder and Oatgum Mixes. 

H. A. Bendixen, Division of Dairy Husbandry, Washington 
State College, Pullman, Wash. Ice Cream Field, 48, 4: 68. Oct., 
1946. 

Comparisons of oatgum and sodium alginate as stabilizers for ice cream 
are reported. Whipping ability, flavor, and texture were similar when 
0.5% of the former and 0.22% of the latter were used. A gravimetric 
method of determining solubility of milk powder, developed at the Wash¬ 
ington Experimental Station, is mentioned. W.C.C. 

36. The Keeping Quality of Australian Milk Powders. C. C. Thiel 

and E. G. Pont (Dairy Research Section). Austral. Council Sci. 
& Indus. Res., 18, 4:373-390. Nov., 1945. 

Gas packing did not improve materially the storage life of skim milk 
powders but greatly increased that of whole milk powders. Because of leak¬ 
age of cans, the results of gas packing on a commercial scale often were 
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nullified. The influence of different storage temperatures tried, 15, 30, and 
37° C., was not marked. No correlation was observed between bacterial 
counts and the initial or final quality of the powder. Working*fresh butter- 
fat into stored skim milk powder gave a product no better than the stored, 
gas-packed, whole milk powder. W.C.F. 

37. Studies on Compressed Whole Milk Powder. C. C. Thiel (Dairy 

Research Section). Austral. Council Sci. & Indus. Res., 18, 4: 

391-406. Nov., 1945. 

The compression of spray-dried whole milk powder to a density of 1.15 
to 1.2 reduced the interstitial oxygen as effectively as did the usual gas pack¬ 
ing in cans, but neither cellophane nor waxed paper wrapping prevented 
the uptake of atmospheric oxygen or moisture. Blocks made of the milk 
powder containing 20% of cane sugar remained more friable and kept better 
than blocks made up of milk powder alone. Added vanillin improved the 
keeping quality of the milk powder in blocks. W.C.F. 

38. Cultured Dairy Products, Production and Quality Control, Part 1 

.... Buttermilk. S. M. Mann, General Biochemicals, Inc., 

Chagrin Falls, Ohio. Milk Plant Monthly, 35, 8: 26-29. 1946. 

A brief review of literature on the development of dairy cultures and 
on some of the salient facts pertaining to the development of a high-quality 
cultured buttermilk is given. The cardinal principles to observe in the 
handling of milk cultures are: 1. Use best-quality milk; 2. Work cleanly and 
carefully in clean, draft-free surroundings; 3. Use clean utensils, preferably 
those which have been sterilized or rinsed in chlorine (20-30 p.p.m.) solu¬ 
tions; 4. Strictly observe sterilization, pasteurization, incubation, and cool¬ 
ing temperatures. 

The production of high-quality cultured buttermilk involves: (a) pas¬ 
teurizing milk at 185 to 190° F. for 30 minutes; (b) cooling and setting to 
70° F.; (c) adding 4 gal. of 20% cream to 100 gal. skim milk; (d) adding 
1 to 2% starter; (e) setting for 16 hours at 70°; (f) salting at the rate of 
0.5 oz. per 10 gal., and adding highly colored butter grannies if desired, 
after which the cultured milk is churned at high speed 5 to 10 minutes; 
(g) drawing off the churned cultured buttermilk into a coil vat and cooling 
to below 40° F. G.M.T. 

DISEASES 

39. Mastitis Prevention. I. E. Pajukin, Pennsylvania State College, 

State College, Pa. N. Y. State Assoc. Milk Sanit., Ann. Rpt., 

19: 187. 1945. 

Mastitis can be eliminated almost entirely from our dairy herds, even 
though research at Pennsylvania State College has shown that mastitis-pro- 
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ducing bacteria are present in the ndder of practically every cow. The 
problem is primarily one of best herd-management practices. 

Factors of major importance are good barns, well-bedded stalls of ample 
size, feeds of high vitamin A potency, prepartum mil k ing of cows whose 
udders are inflamed, and the new managed-milking program. One of the 
greatest preventatives of mastitis is the use of managed-milking practices, 
which are described briefly. Several instances of marked improvement of 
mastitis by the managed-milking program were cited. A.C.D. 

HERD MANAGEMENT 

40. The Effect of the Level of Stimulus Applied by the Pulsator on the 
Rate of Machine Milking. W. G. Whittleston, Animal Res. 
Sta., Dept, of Agr., Ruakura, New Zealand. New Zeal. Jour. Sei. 
and Technol., 27A, 5: 445-450. Feb., 1946. 

Under otherwise normal conditions of machine milking, the application 
of a greatly reduced pulsator stimulus had no effect on the milking rate. 
Once the milk flow starts with the pulsator operating, it will continue if the 
pulsator is stopped. Normal milk letdown is not obtained, however, if an 
attempt is made to milk without the pulsator when the teat-cups are applied. 

W.C.F. 


ICE CREAM 

41. How Golden State Cuts-Wraps Slices. Geo. D. Amerding, Mojon- 

nier Bros. Co. Ice Cream Field, 48, 4: 76. Oct., 1946. 

The cut-wrap slice machine is claimed to give the best and most popular 
individual serving of ice cream. The machine will produce 5,000 slices per 
hour, which is equal to 200 gallons of ice cream if cut seven slices to the 
quart. With waxed paper costing $0.13 per lb., waxed liners for cartons 
will cost $0,241 per M. Using the cut-wrap slice machine, labor costs for 
slicing one gallon of ice cream would be about 2.5 cents. The cost of the 
individual slice of ice cream is lower than any other individual package so 
far introduced. 4 W.C.C. 

42. Manufacture of Dry Ice Cream Mix. S. T. Coulter, Dairy Division, 

University of Minnesota, St. Paul, Minn. Milk Plant Monthly, 

35, 7: 84-85. 1946. Also Ice Cream Field, 48 ,4 : 56. Oct., 1946. 

Dry ice cream mix developed during the war has some advantages over 
liquid mix for ice cream manufacturers who buy mix. Transportation costs 
are lower, refrigeration unnecessary, and the mix is less perishable. Dry ice 
cream mix often is subject to oxidation during storage, the rate of oxidation 
depending upon such factors as freshness of dairy products used, degree of 
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preheating of the milk, the presence of metallic catalysts, and temperature of 
storage. The moisture level of the dry mix seems to be a persistent factor 
influencing staling. Keeping quality of the dry mix may be improved by 
reducing the moisture level as low as 1%, and avoiding storage at unduly 
high temperatures. Composition of dry ice cream mixes and steps in proc¬ 
essing the dry ice cream mix are given. G.M.T. 

43. Analysis of Stabilizers. C. D. Dahle, Pennsylvania State College, 

State College, Pa. Ice Cream Field, 48, 4: 62. Oct., 1946. 

Gelatin, sodium alginate, locust bean (carob gum), Irish moss, sodium 
carboxymethyl cellulose, oatgum, pectin, Karaya, and Psyllium seed husks 
(ground) as stabilizers in ice cream are discussed. Because of the shortage 
of certain stabilizers during the war, several "mixed” stabilizers were placed 
on the market. These often contain various sugars which aid in dispersing 
the stabilizing agent and also may contain one or more of the following: 
sodium bicarbonate, sodium citrate, whey powder, milk solids dextrines, and, 
possibly, emulsifying agents. Emulsifying agents such as glycerol mono¬ 
stearate, sodium mono-palmitate, and sorbitan monostearate are mentioned 
briefly as aids to the whipping ability of ice cream mixes. W.C.C. 

44. Flavors and Fruits from Brazil. H. A. Cabdinell, Horticultural 

Section, and P. S. Lucas, Dairy Section, Michigan State College. 

Ice Cream Field, 48, 4: 58. Oct., 1946. 

Results of experiments in which certain Brazilian fruits were tried as 
flavors in ice cream are given. The juice of the passion flower fruit, known 
in Brazil as ‘‘maracuja,” has a sour taste somewhat similar to orange juice; 
it was better suited for ices or sherbets than for ice cream. Juice of the 
cashew plant gave a pleasing, nut-like flavor which blended well with ice 
cream containing nut meats. The authors stress the desirability of using 
certain of these foreign fruits in ice cream. W.C.C. 

45. Nuts for Your Winter Ice Cream. W. J. Caulfield and C. A. 

Ivebson, Department of Dairy Industry, Iowa State College, 

Ames, Iowa. Ice Cream Field, 48, 4: 84. Oct., 1946. 

The use of nuts in ice cream enhances the nutritive value of ice cream, 
since nuts are good sources of fat, protein, vitamins (A, B, and G), and min¬ 
erals (calcium, phosphorus, iron, and copper). Selection of nuts with good 
flavor, prevention of deterioration, and development of crispness as a result 
of proper roasting are important considerations, but the question of bac¬ 
terial contamination of ice cream through the use of nut meats deserves more 
consideration than it has received in the past. Small manufacturers can use 
prepared nuts to advantage, whereas the large manufacturers ordinarily find 
it advantageous to roast the nuts in their own plants. 
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Directions are given for preparing the following nuts for use in ice 
cream: almonds, cashews, hazel nuts, peanuts, pecans, pinions or pignolias, 
pistachios, black walnuts and English walnuts. Boasting procedures cannot 
be used according to time and temperature charts. Frequent examination 
during roasting is necessary to assure that the nuts Will be light brown in 
color throughout as well as brittle and crisp when finished. The nuts should 
be chopped after roasting and 6 to 8 lbs. of nuts and 1 oz. of salt mixed with 
1 lb. of butter previously heated to 330° F. (160° C.). They may be used 
immediately or stored in a closed container in the hardening room. Use 3 
to 5 lbs. of buttered nuts per 10 gal. of ice cream. W.C.C. 

46. Some New Facts on Ice Cream in Super-Markets. B. W. Mueller, 

Associate Editor of Progressive Grocer. Ice Cream Field, 48, 4: 
32. Oct., 1946. (Beprinted from Progressive Grocer.) 

A recent survey of super-markets in the Los Angeles area shows that ice 
cream occupies only 0.88% of store display facilities but represents 2.02% 
of total store volume and brings 4.7% of total dollar margin. This same 
survey shows that the rest of the frozen food line occupies 1.96% of total dis¬ 
play space, represents 4.56% of total store volume and 7.14% of the total 
dollar margin. Ice cream represents 30% of the total frozen food depart¬ 
ment and equals 40% of the department’s gross. 

Ice cream sales now are mostly in pints and quarts. With larger frozen 
food storage compartments in household refrigerators, food merchants an¬ 
ticipate the sale of larger packages, such as half-gallon and gallon sizes. 

W.C.C. 

47. What to Do About Ice Cream Cabinets. Edward L. Koepenick, 

Ex-Secretary, National Conference of Ice Cream Industries. Ice 
Cream Field, 48, 4:112. Oct., 1946. 

' Certain unfair trade practices in connection with credits, repairs, adver¬ 
tising, etc., often used in the ice cream industry as a means of distributing 
ice cream cabinets and controlling ice cream sales, are discussed. Mention is 
made of the California Agricultural Code which prohibits these unfair trade 
practices. The author advocates Federal legislation designed to abolish such 
evils; W.C.C. 

48. Layout of Market to Feature Ice Cream and Frozen Foods. Beman 

Fast, Store Planning and Market Fixture Division, Weber Show¬ 
case and Fixture Co., Inc., Los Angeles, Calif. Ice Cream Field, 
48, 4: 34. Oct., 1946. 

The recently modernized Hollywood Ranch Market is described and the 
subsequent increase in sales noted. Self-service, glass-topped cabinets which 
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replaced blind storage cabinets have resulted in a 60% increase in ice cream 
sales and have doubled sales in some departments. W.C.C. 

49. Sale of Ice Cream by Weight. Anonymous. Ice Cream Trade Jour., 
42, 8 : 32, 83. Aug., 1946. 

The International Association of Ice Cream Manufacturers is opposed 
to the sale of ice cream by weight. Reasons for this stand are: 

(1) The most expensive ingredient in ice cream, namely butterfat, is the 
lightest in weight. 

(2) Although, proportionately, ice cream contains very much less air 
than does angel food cake, air in the proper quantities is just as important, 
and there is no more reason to sell ice cream by weight than there is to sell 
angel food cake by weight. 

(3) In the proposed Food and Drug Administration standard for ice 
cream, the product must be agitated during freezing to avoid formation of a 
solid brick similar to a block of ice. The air in ice cream gives an insulating 
effect and makes ice cream melt more easily in the mouth. 

(4) The most expensive ingredient of ice cream, butterfat, is lightest 
(7.76 lbs. per gal.), while its cheapest ingredient, invert sugar sirup, is 
heaviest (10 lbs. per gal.). 

(5) A high-grade rich ice cream which would weigh not more than 4.6 
lbs. or 4.7 lbs. per gal. may be made. A very cheap grade of ice cream, one 
poorer in almost all of the qualities that make a good ice cream, may be made 
to weigh 5.5 or 6 lbs. to the gallon. 

(6) Most of the almost 200 different flavors which have been recorded 
for ice cream would have a different weight. 

(7) More ice cream is sold at the soda fountain, in restaurants as indi¬ 

vidual servings or in ice cream cones than is sold to be taken home. It is 
entirely impractical to make sales of this kind by weight, even if it seemed 
desirable to do so. W.H.M. 


MILK 

50. Post War Milk Bottle. V. L. Hall, Glass Container Manufacturers 
Institute, New York, N. Y. Jour. Milk Technol., 9, 6: 336-338. 
Nov.-Dee., 1946. 

The square milk bottle gradually is being introduced into the dairy 
industry. In the dairy plant, the washing and handling of the square bottle 
is just as satisfactory as for the round bottle. A case of round bottles occu¬ 
pies 47.5% greater area than the square bottles; a 6-ft. household refrig¬ 
erator will hold 12 square bottles in the area formerly occupied by 8 round 
bottles. Moreover, the square container permits the retail grocer to do a 
better job of packing groceries in bags and in shopping carts. H.H.W. 
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51. Strainer Pad Control of Milk Quality. C. B. A. Bryant, Johnson 

and Johnson Co., Chicago, Ill. N. Y. Klate Assoc. Milk Sanit., 

Ann. Rpt., 19: 199. 1945. 

Observations on sources of sediment were made during field demonstra¬ 
tions on farms all over the United States. A clean cow and a clean milk can 
are essential. Milk-can covers are often in dusty place when not in use. 
About 40% of all water on the farm contains considerable sediment. Half 
of the farmers do not put the cotton disk in the strainer correctly. Cotton 
pads commonly distort during use. Single gauze-faced disks should be 
placed in the strainer with the cotton side up. Strainers are often jammed 
and dinks loosen. The strainer should be rinsed with water before a new 
disk is inserted. Milking machine teat cups frequently draw up bedding. 

New York State experiences have shown several things. Dairies use 
8-inch cotton disks when 5.5- or 6-inch disks would do, and cost about half 
as much. Some 85% of the strainers were not good. A fluid milk plant was 
selected for demonstration. Each farmer demonstrated correctly how to put 
the 6-inch disk into the strainer. Good strainers were installed. Emphasis 
was placed upon sanitary methods rather than cleaning milk. Excellent 
farm cooperation was obtained. Original strainers and used cotton disks 
were obtained for exhibition. After proper farm instruction had been given 
and correct equipment used, results showed definite improvement in sanitary 
procedures and milk quality. A.C.D. 

52. Laboratory Tests in the Control of Milk Supplies. Editorial. Amer. 

Jour. Pub. Health, 36, 11: 1309-1310. 1946. 

This editorial concerns the review article by Dr. A. H. Robertson in the 
same number of the American Journal of Public Health. In part, the edi¬ 
torial states: “Dr. Robertson’s specific recommendations with regard to Plan 
B (the Connecticut State Department of Health milk program) deal with 
legal and administrative problems which are of purely local interest to the 
State of Connecticut and involve no changes in laboratory procedure. With 
respect to Plan A (the U. S. Public Health Service Ordinance and Code), 
on the other hand, he makes three important recommendations with regard 
to testing technique: the routine testing of all samples of allegecfty pasteur¬ 
ized milk by the use of the phosphatase test and the coliform test; the routine 
examination of all samples of pasteurized milk by the microscopic count; 
and use of the microscopic count for samples of raw milk from sources which 
fail to comply, especially when field inspectional methods fail to disclose the 
cause for high counts or short reduction times. 

This is not a matter to be settled by any one expert, as Dr. Robertson 
would admit; but he has marshalled evidence which makes an impressive 
case against sole reliance on the laboratory tests included in Plan A. There 
is a dear challenge here to the experts in this field—and particularly to the 
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experts of the U. S. Public Health Service—to seek some common ground 
of agreement which can harmonize or combine the values of both Plan A and 
Plan B. We would urge that the procedure employed by water bacteriolo¬ 
gists in their field be applied ih this related area. This procedure involves 
the setting up of cooperative studies in which workers in various laboratories 
employ several alternative standardized procedures and compare results, 
with regard to the significance of results obtained in the examination of a 
considerable series of actual field samples and the time involved in each pro¬ 
cedure. . . . Only by such a cooperative study, in which advocates of both 
Plan A and Plan B participate, can the solution be found of a difference 
of opinion which may otherwise place serious obstacles in the way of an 
effective system of milk control.” M.W.Y. 

53. Laboratory Procedures in Sanitary Milk Control. A. H. Robertson, 

. Director of State Food Laboratory, Department of Agriculture and 
Markets, Albany, N. Y. Amer. Jour. Pub. Health, 36, 11: 1245- 
1259. 1946. 

The author prepared this special review at the request of the Editorial 
Board. He concludes ‘‘Under either the TJ. S. Public Health Service Ordi¬ 
nance and Code (Plan A) or under the Connecticut State Department of 
Health Program (Plan B), the fundamental objectives of maintaining the 
highest possible assurance of safety and continuous conformance to the 
standards for low count milk have not been as fully achieved as might be 
expected. 

“Plan A would be improved by. 

“1. Requiring the routine testing of all samples of allegedly pasteurized 
milk using the phosphatase test and the coliform test. 

“2. Requiring a microscopic examination of all raw samples which fail 
to comply, especially when field inspectional methods fail to disclose the 
cause for high counts or short reduction times. 

“3. Requiring routinely a microscopic examination of all pasteurized 
samples to determine whether or not high-count samples escape detection by 
the plate method. 

“4. Permitting the use, where determinations have been checked peri¬ 
odically and found satisfactory, of routine plant reports on inspections and 
analyses of samples by licensed purchasing agencies in lieu of official inspec¬ 
tions and analyses. 

“Plan B would be improved by: 

“1. Securing proper legislation fixing, or allowing the Dairy and Food 
Commissioner to fix by official order, standards for bacterial density in terms 
of results by methods which are to be used officially for the determination 
of compliance with the statute. 
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“2. Providing for more frequent routine inspections and examinations 
of samples, 'with prompt repeat inspections and repeat examinations of sam¬ 
ples in cases of non-compliance until continuous conformance can be reason¬ 
ably assured.” • M.W.Y. 

54. What the Dairy Industry Expects of the Sanitarian. C. C. Hadley, 
Indiana Dairy Products Assn., Inc. Milk Plant Monthly, 35, 8: 
24-25,56. 1946. 

A good milk sanitarian should be a teacher, diplomat, and administrator, 
thus exhibiting common sense, sound judgment, diplomacy and practica¬ 
bility, and radiating a pleasing personality through good health, energy, 
unquestioned integrity and enthusiasm for his work. A health sanitarian 
is expected to be an ambassador of good will for sanitation programs; to 
make proper contact with the manager’s office prior to inspection; to use 
gentlemanly procedures in calling the management’s attention to existing 
conditions; to be consistent month after month, not overlooking recommen¬ 
dations made on the previous visit; to use judgment on big versus little 
things; to refrain from peddling information from plant to plant concerning 
conditions; to be loyal to his superior; and to be well-trained for his job. 
Attention is called to a report appearing in the Journal of Dairy Science, 
August, 1944, concerning courses which should aid in the training of a dairy 
sanitarian. 6.M.T 


MISCELLANEOUS 

55. Dairy Waste Saving and Disposal. William A. Dean, Jr., Bowman 
Dairy Co., Chicago; Chairman, Task Committee on Daily Waste 
Disposal. Milk Indus. Found. Assoc. Bui., 39, 2: 30-42. Dec., 
1946. 

The problem of waste is serious because litigation and punitive expense 
frequently result from overloading existing sewage disposal facilities. Sys¬ 
tems of undue size may be required because of excessive quantities of waste. 
Without change in equipment, one plant reduced daily waste from a B.O.D. 
(biological oxygen demand) of 260.5 lbs. or a population equivalent of 1,580 
to a B.O.D. of 73.4 lbs. or a population equivalent of only 450. Many causes 
of waste are listed. The following recommendations are made: drip savers; 
pre-rinses; electronic level controls on tanks and troughs subject to over¬ 
flow ; improved maintenance of pumps, fittings, valves, etc.; elimination of 
foam in separation; adequate storage tanks for whey, buttermilk, and skim 
milk; standby pumps where needed to handle these products if regular 
pumps fail; special entrainment separators and other controls on vacuum 
pans. Special emphasis is placed upon preventing dilution of wash waters 
and necessary wastes with condenser and clear waters. 
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Every plant seemingly in need of additional waste treatment facilities 
should make sure that losses are reduced to a minimum. Use of continuous 
proportionate sampling device and determinations of turbidity and B.O.D. 
are recommended. E.F.G. 

56. The Effect of Dairy Factory Drainage Upon the Quality of Streams 

in Taranaki. P. 0. Veale, Taranaki Service Laboratories, New 

Zealand. New Zeal. Jour. Sci. and Technol., 27B, 4: 282-301. 

. Jan., 1946. 

With reasonable dilution available, the discharge of dairy plant wastes 
into a well-oxygenated stream had only a temporary effect upon the quality 
of the water. The greater the dilution, the shorter was the distance down¬ 
stream to where effects were no longer evident. W.C.F. 

57. The Oregon Program of Licensing Cheese-Makers, Butter-Makers 

and Pasteurizer Operators. G. II. Wilster, Oregon State Col¬ 
lege, Corvallis, Oregon. Jour. Milk Technol., 9, 6: 317-321, 328. 

Nov.-Dee., 1946. 

The licensing of cheese-makers, butter-makers, and pasteurizer operators 
is an important step in Oregon’s dairy products quality-improvement pro¬ 
gram. The compulsory milk and cream grading law enacted in 1937 pro¬ 
vides for the grading of these products when received at factories and 
creameries, licensing of persons who are doing the grading, and payment 
for the milk and cream in accordance with quality. Inferior quality of milk 
and cream must be denatured by adding red coloring matter and must be 
tagged, and returned to place of origin. In 1939, an amendment requiring 
the issuance of licenses upon passing of an examination for butter- and 
cheese-makers made the act much more effective. 

A new law, passed in 1945, governs the pasteurization of milk and milk 
products and licensing of pasteurizer operators. The ultimate goal of these 
standards is: To raise the general standard of proficiency of the Oregon 
butter-makers and cheese-makers, to manufacture the highest-quality cheese 
and butter of correct composition, to increase the demand for Oregon cheese 
and butter in out-of-state markets, and to increase the return to the Oregon 
dairy fanners. H.H.W. 

58. Insect Control in Dairy Plants. George E. Gould, Purdue Univer¬ 

sity. Milk Plant Monthly, 35, 7 : 38, 54r-55. 1946. 

Contrpl of dairy farm and dairy plant insects is essential to the manufac¬ 
ture of quality dairy products. Insect control is linked closely with plant 
sanitation and is actually a part of that program. Insects are attracted to 
dairy plants because of milk and milk products, although some insects are 
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attracted because o£ lights. The first and most important step in fly control 
is sanitation. Thorough daily cleaning of all equipment used is imperative. 
Daily burning and disposal of refuse is essential. Sixteen-mesh screening 
will check entry of flies, mosquitoes, gnats, and other small insects into the 
plant. The use of DDT should not be considered as the only necessary con¬ 
trol measure, but as supplementary to sanitation. Specific directions are 
given for applying DDT. Descriptions are given of the various roaches 
infesting dairy plants. Sodium fluoride alone, or diluted with 25% py- 
rethrum powder, is a standard roach powder. Sprays have never been 
entirely successful in roach control. Sanitation is an important part of 
roach control. G.M.T. 
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ABSTRACTS OF LITERATURE 
BACTERIOLOGY 

59. Comparison of Resazurin Test with Methylene Blue. G. Okulitch, 

R. Millard, and 0. Fleming. Canad. Dairy and Ice Cream Jour., 
25 , 11:35. Nov., 1946. 

Milk can be graded effectively by means of the resazurin test using a 
single color standard, mauve pink no. 12 or Munsell notation P.R.P. 7/8, 
and making readings at 1 and 3 hr. The resazurin test and the methylene 
blue test agree well in selecting poor-quality raw milk. The correlation 
of resazurin and methylene blue is approximately 80%. Both the standard 
plate count and the direct microscopic count support the resazurin test in 
more cases than they do the methylene blue test. A high percentage of 
samples that test 3 hr. or more with resazurin have counts of less than 
200,000 per ml. by the plate method and less than 100,000 by the direct 
microscopic procedure. A resazurin mauve pink of 3 In 1 , or more represents 
as good-quality milk as a 6.5-hr. methylene blue test. A greater number of 
physiologically or pathologically abnormal milks may be detected by the 
resazurin test as compared to the methylene bine test. By using the resazu¬ 
rin test a greater saving of time is effected. H.P. 

60. Thermal Death Range of Bacteria in Milk. F. W. Gilcreas and J. E. 

O’Brien, Research Laboratories, New York State Department of 
Health, Albany, N. Y. Jour. Milk Technol., 9 , 5: 269-272. Sept, 
and Oct., 1946. 

See Abs. 21, Jour. Dairy Sci., 30 , 2: A14. Feb., 1947. 

CHEESE 

61. Factors Influencing Acid Production by Cheese Cultures. I. Effect 

of Cooking Temperatures on Acid Production in the Manufac¬ 
ture of Cheddar Cheese. F. J. Babel. Iowa Agr. Expt. Sta., 
Ames. Natl. Butter and Cheese Jour., 38 , 1: 34. Jan., 1947. 

An abbreviated form of the original publication in Jour. Dairy Sci., 29 , 
9 : 589. Sept., 1946. W.V.P. 

62. Making Process Cheese in Small Plants. C. R. Barker, Oak Park, 

Ill. Natl. Butter and Cheese Jour., 37 , 12: 90. Dec., 1946. 

Cheese that has been aged for 30 days at 60° F. without paraffin can 
be used to make a satisfactory processed cheese. Water lost in curing is 
replaced during processing. In blending, there should be 50% of cheese 
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“on the sweet side” and 50% “on the acid side”. Cooking this blend of 
cheese with water in the jacket of the cooker at a pressure of 10 lbs. and a 
temperature of 239° F. is recommended. (No warning is given concerning 
ability of the cooker to stand the pressure.) W.V.P. 

63. Practical Suggestions on the Manufacture of Process Cheese. C. R. 

Barker, Oak Park, Ill. Natl. Butter and Cheese Jour., 38 , 1: 42. 

Jan., 1947. 

Cheese made in a single factory can be processed successfully if some is 
made “on the acid side” and some “on the sweet side”. Vat drippings of 
0.9% before salting give cheese of the acid type. Such cheese should con¬ 
stitute 30-40% of each batch, while the remainder should be “sweet” from 
curd with vat drippings of 0.6% at salting. Tough, over-cooked Cheddar 
is not desirable. The usual cleaning and cooking operations are described 
very briefly. A diagram illustrates the flow of material through the opera¬ 
tions of curing, grading, blending, cleaning, grinding, cooking, packaging, 
cooling, and shipping. W.V.P. 


CHEMISTRY 

64. Some Chemical Changes Produced in Milk by High Temperature 
Heat Treatment. Ira A. Gould, Jr., Dairy Dppt., University of 
Maryland. Milk Plant Monthly, 35 , 9: 70-71. Sept., 1946. 

The author reviews brifly results of his research in this field during the 
past 12 years, pointing out the relationships between the boiled or cooked 
flavor of milk and some chemical changes bringing out these flavors. The 
cooked flavor was caused by the formation of sulfhydryl compounds, usually 
accompanied by the evolution of hydrogen sulfide gas at temperatures of 
168.8-172.4° F. These chemical changes become more pronounced as the 
temperature increases to boiling. Serum proteins were undoubtedly the 
principal contributors to the formation of the heat-labile sulfides. Extremely 
small quantities of metallic salts of mercury, silver, ferric iron, and copper 
influence sulfide liberation. Additions of small percentages of sucrose, 
glucose, and lactose lower sulfide liberation. On the other hand, cysteine 
hydrochloride, sodium cyanide, sodium sulfite, and ethyl alcohol favor 
sulfide liberation. Prolonged heating of milk at high temperatui*es pro¬ 
duced further changes in sulfide liberation, which is associated with a cara¬ 
mel flavor and a brown color. High heat treatment, particularly under 
pressure, produced appreciable increases in titratable acidity and destruc¬ 
tion of a considerable portion of the lactose. This destruction is favored 
by the presence of sodium eitrate or disodium phosphate. Salts of milk 
play a significant role in the amount of titratable acidity increase. Less 
than 10% of the acidity was due to lactic acid and 50 to 60% of the heat- 
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produced acidity was found to be formic acid. This work shows the com¬ 
plexity of the changes occurring in milk at high temperature under various 
conditions. G.M.T. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

65. The Future of Dry Milk. Stephen 0 ’I)ea, U. S. Dept, of Agr. Natl. 

Butter and Cheese Jour., 3$, 1: 80. Jan., 1047. 

Increased use of dry milk in some .areas through the school lunch pro¬ 
gram would improve the health of children. Government-owned facilities 
for producing dehydrated dairy products are located in five states. “It is 
not feasible to close down the drying facilities and shut off these outlets 
for farmers’ whole milk.” Some expansion in U. S. production of nonfat 
milk solids seems likely. “More thinking needs to be done about the devel¬ 
opment of markets for nonfat dry milk than for any other manufactured 
dairy product.” W.V.P. 

66. The Manufacture and Use of Condensed Cheese Whey and Crude 

Whey Protein. B. II. Webb and C. F. IIufnagel, I*. S. Dept, of 

Agr., Washington, D. C. Natl. Butter and Cheese Jour., 37, 12: 

34. Dec., 1946. 

Cheese whey can be condensed to l/10th its volume for 1 to 1.8o per lb. 
of finished product. For human food the whey is pasteurized as soon as it 
is removed from the cheese. It can be condensed with or without sugar. 
Unsweetened whey is concentrated to 65-70% total solids. Crystallization 
of the lactose is controlled by prompt condensing in a clean pan, drawing 
concentrate as a clear sirup, cooling rapidly at 90° F., seeding with lactose 
crystals, and stirring. Plain condensed whey with a pH of 4.5 or less can 
be packed in air-tight barrels and kept for several months at cool tempera¬ 
tures. Sweetened condensed whey (see Jour. Dairy Sei.. ;J1: 305-314. 
1938.) is made by separating, pasteurizing, adding sugar in amounts to 
equal the weight of whey solids, and condensing to 76% total solids. This 
concentration at 122° F. gives 1.360 sp. gr. (38.4° Be). The concentrate 
is cooled to 95° F., seeded, stirred slowly for 1 to 3 hr., and packed in bar¬ 
rels or cans. Refrigerated storage is not required. Whey protein for 
pharmaceutical uses is separated from whey by heat and acid. The curd 
is washed with water, drained, pressed, and preserved by drying or freez¬ 
ing. Albumin curd can be dried rapidly at 110-120° F. in a tunnel drier. 
Some pharmaceutical companies will furnish specifications of purity for 
albumin powder. The residue can be concentrated for feed or milk sugar. 
Equipment for sugar manufacture can be supported only by large opera¬ 
tions. 

Successful commercial uses for condensed whey in food products are 
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limited at present to confections, bakery goods, and cheese foods. Charac¬ 
teristic flavor and the insolubility of its lactose make whey inferior to skim 
milk for food purposes. It has high nutritive value and low cost. Formu¬ 
las are given for whey candy and cookies. Methods of using whey products 
in bread, sweet baked goods, cheese foods and cream soups are suggested. 

W.V.P. 

67. A Method for Producing a Dairy Spread. K. Q. Weckel, Dept, of 

Dairy Industry, University of Wisconsin, Madison, Wis. Milk 
Plant Monthly, 35, 9: 24-25. Sept., 1946. 

A method for producing a dairy spread containing 28% butterfat, 19% 
milk solids-not-fat, with and without added vitamins, is described and illus¬ 
trated. The ingredients are whole milk powder, cream, buttermilk, lactic 
acid, salt, vitamins A and D, and starter distillate. After pasteurizing, 
the spread is homogenized at a pressure which will give the greatest plas¬ 
ticity without graininess (usually varying from 1,500 to 2,500 lbs.). The 
product is packaged hot, preferably in glass containers of the cottage-cheese 
jar type. The product sets upon cooling and may be kept 1 or 2 weeks, 
similar to any soured milk product. G.M.T. 

68. Milk Sugar. Gertrude G. Foelsch and Harry C. Treloqan, Pro¬ 

duction and Marketing Administration, Washington, D. C. Milk 
Plant Monthly, 35, 11: 40-41, 48. Nov., 1946. 

Renewed interest is being manifest in milk sugar because it is playing 
an important role in penicillin production. A program was inaugurated 
in 1943 to increase milk sugar production from cheese whey. Manufactur¬ 
ers find partial recovery of crude milk sugar more profitable, using the 
remaining mother liquor to produce poultry feed. Three grades of com¬ 
mercial milk sugar—crude, technical, and refined—are produced. Empha¬ 
sis today is being placed on production of the crude form for use in the 
manufacture of penicillin, although formerly milk sugar was consumed 
largely in infant foods. G.M.T. 


FEEDS AND FEEDING 

69. Vitamin A Requirements in Calves, Part I. J. M. Lewis and L. T. 
Wilson. New York University College of Medicine, New York 
City, and The Walker Gordon Laboratories, Plainsboro, N. J. 
Cert. Milk, 21, 244 : 5. Aug., 1946; Part II, Cert. Milk, 21, 245: 
9. Sept, and Oct., 1946. • 

* 

Six groups of four calves each were fed various levels of vitamin A, 
ranging from 32 to 1,024 USP units per kg. of body weight per day. Data 
were obtained on rate of growth, blood levels of vitamin A, and liver stor- 
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age. Results indicate that 32 units per kg. of body weight apparently 
satisfies the minimum requirements. Maximum growth was obtained on 
an intake of 64 USP units per kg. of body weight. The concentration of 
vitamin A in the blood was proportional to the intake until 512 units were 
given, at which level maximal blood concentrations were obtained. In gen¬ 
eral, fiver stores were quite low for calves receiving 32, 64, and 128 units 
per kg.; moderate amounts of vitamin A were found in the fivers of those 
fed 256 to 512 units, and larger amounts in the group fed 1,024 units. From 
the standpoint of both growth and fiver storage, the daily intake of vitamin 
A for young calves should be about 250 units per kg. of body weight or 
11,000 units per 100 lbs. of liveweight. Thus, the vitamin A requirements 
in calves are of the same order of magnitude as in young rats and in infants. 

W.S.M. 


FOOD VALUE OF DAIRY PRODUCTS 

70. Between Meal Milk Drinks Beneficial for Children. National Dairy 
Council. Canad. Dairy and Ice Cream Jour., 25, 11: 78. Nov., 
1946. 

No adverse effect on the appetite or well being of children ranging in' 
age from 3 to 14 years when fed milk 1 hr. before meals was observed. 
Tests on 59 children revealed an average stomach-emptying time of 118 min., 
representing a range of 50 to 170 min. The contributions of two levels of 
milk (44 and 63 oz.) to the total daily nutrient intake were, respectively: 40 
and 49% for calories, 35 and 45% for protein, 85 and 91% for calcium, 
30 and 41% for vitamin A, 55 and 65% for thiamine, and 80 and 87% for 
riboflavin. Each 7 oz. serving of milk contributed approximately 5% of 
the total caloric intake. H.P. 


ICE CREAM 

71. Good Methods of Manufacture for Dry Ice Cream Mix. S. T. 

Coulter. Canad. Dairy and Ice Cream Jour., 25, 11: 61. Nov., 
1946. 

See Abs. 42, Jour. Dairy Sci., 30, 2: A20. Feb., 1947. 

MILK 

72. Quality Milk from Cow to Milk Plant. C. B. A. Bryant, Johnson & 

Johnson, Chicago, III. Milk Plant Monthly, 35, 12: 26-27, 52-53. 
Dec., 1946. 

Emphasis is placed upon keeping sediment out of milk, as sediment is 
one of the common causes of milk rejections. Despite care in cleanliness 
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during the production of milk, sediment gets into milk from loosely covered 
cans or from nonrinsed cans prior to use. Wind-blown dust is often the 
cause of sediment iu milk. Lids of cans, as well as the can itself, Should 
be protected from dust. Rinse water on the farm may be the source of 
sediment. Displaying the sediment disc and pointing out the common 
causes for sediment in milk are aids in keeping the milk clean. The respon¬ 
sibility for clean milk rests not only with the producer but also with the 
hauler and processor. G.M.T. 

73. Evaluation of Factors when Processing Homogenized Milk. E. M. 

Gibersox. Cnnad. Dairy and Ice Cream .Tour., 25, 11: 52. Nov., 
1946. 

Homogenized milk always must be pasteurized, clarified, and processed 
rapidly and at proper temperatures and pressures. The advantages of 
homogenized milk are that it produces uniformity of appearance, pouring 
characteristics, flavor, and color. Before a plant operator purchases equip¬ 
ment and starts processing homogenized milk, he should consider type of 
pasteurization to be employed, clarification and filtration methods, capacity 
of various pieces of equipment, and advantages and disadvantages of each. 
Tlie equipment needed for homogenizing milk requires a considerable capital 
investment in milk processing equipment. 

74. Flavors in Milk Influenced by Pastures and Cattle Feeds. Jack 

Bailet. Canad. Dairy and Ice Cream Jour., 25, 11: 59. Nov., 
1946. 

The problem of preventing the flavors of feed from getting into the milk 
depends on the time of feeding. It is generally agreed that feed flavor is 
no longer evident in the milk 5 hr. after feeding. The cows should be kept 
in an atmosphere free from undesirable odors before milking. If the flavor 
is due to silage or barn feeds, it is advisable to feed after milking. If the 
flavor is due to pasture weeds or feeds, it would seem best to bring the cows 
off the offending pastures preferably 5 hr. and at least 2 hr. before milking. 
The development of a cowy, old, stale, and then rancid flavor in milk is 
due to lipase action. This activity is aggravated by shaking whole warm 
raw milk and by milking cows in advanced stages of lactation. The mining 
of milk likely to become rancid with four or more parts of normal milk 
always will prevent rancidity. In pasteurized milk, oxidized flavor may be 
caused by absence of bacteria. Metallic, fishy, oily, and tallowy flavors, 
which are common iu pasteurized milk, are caused by dissolved oxygen, cop¬ 
per contamination, oxidase enzyme, and exposure of milk to direct sunlight. 

H.P. 
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75. Control of Milk Watering. Paul Cokasii, Dept, of Health, New York, 
N. Y. Milk Plant Monthly, 35, 10: 90, 92-93, 96. Oct., 1946. 

A study of the detection of milk watering by means of the Hortvet 
cryoscope, an instrument essentially adaptable to laboratory use but chosen 
for field use, indicated a relatively large percentage of the samples of pro¬ 
ducers’ milk examined had been watered. The lactometer was used to 
screen out suspicious cases. Calculating the solids-not-fat content of milk 
furnished the basis also for judging whether or not a sample of milk 
should be tested with the cryoscope. Importance is placed on securing 
relatively fresli samples in order to secure correct cryoscope values. Other 
methods, such as the copper-serum method and the chemical determination 
of fat, total solids, and ash on deck samples, also may be used in determin¬ 
ing watering, but are considered less accurate than the cryoscope method. 

G.M.T. 


MISCELLANEOUS 

76. Vacreation of Cream, Milk, and Ice Cream Mix and Condensing Milk 

with the Vacreator. G. II. Wilster, Oregon State College, Cor¬ 
vallis, Ore. Milk Plant Monthly, 35, 11: 28-32. Nov., 1946. 

The vacreator is illustrated and the steps involved in its operation are 
described fully, the process consisting briefly in heating the milk product 
to approximately 200° F. and passing it through a series of chambers with 
increasing vacua until the product is removed at a markedly lower tem¬ 
perature. The process removes gases and off-odors present in the product; 
consequently the finished product will be free of off-odors. Butter manu¬ 
factured from cream by the evacuation process had a higher score than that 
not treated. Ice cream of an excellent quality was produced from vacreated 
iec cream mix with which vacreated condensed milk was used. 

G.M.T. 

77. Recent Developments in Dairy Manufacturing Through Research. 

G. II. Wilster. Canad. Dairy and Ice Cream Jour., 25 , 9 : 34; 10: 

54. Sept, and Oct., 1946. 

Some of the recent developments in dairy manufacturing based on re¬ 
search are: (1) the continuous high-temperature short-time pasteurization 
of milk in a totally enclosed apparatus using clarification, homogenization, 
and an enclosed cooler; (2) single service containers for milk; (3) sterilized 
cream; (4) sterilized milk; (5) the use of the vacreator in the dairy indus¬ 
try; (6) metal churn for buttermaking; (7) dry butterfat or butteroil; (8) 
continuous butter chums; (9) curing cheese in valve-vented cans; (10) 
packaging rindless cheese in moisture-proof sheets; (11) Army cheese 
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spread; (12) dry ice cream mix; (13) dry whole milk; (14) dry cream 
mix for whipping by aeration; (15) sweetened dry nonfat milk solids; (16) 
frozen concentrated milk; (17) use of cheese whey for candy, soups, pud¬ 
dings, plastics, penicillin; and (18) dairy spreads. H.P. 

78. Flocculation and Sterilization Without the Use of Chemicals. W. R. 

Marshall. Cauad. Dairy and Tee Cream Jour., 25, 10: 27. Oct., 
194(5. 

Water can be purified and sterilized in any flow-rate gravity or pressure 
system by the use of aluminum electrodes as a flocculator and silver as a 
sterilizer. The flocculating unit operates on a D.C. current of 6 volts, 3 
amperes, which supplies the current for the flocculating electrodes. Unlike 
ordinary sand filters which depend on chemicals alone to produce the floe, 
the system is not affected by the lower temperature of the water. Immediate 
sterilization is obtained since the coagulant produced by the aluminum 
electrode holds the silver in an ionized form, immediately attracting and 
destroying bacteria. The amount of silver ions needed to sterilize water 
is in the neighborhood of one part in ten million. With this apparatus, 
which consists of a sand filter tank with rapid floeculators to remove the 
dirt and the silver electrode to destroy the bacteria, use of any chemicals 
is not necessary. H.P. 

79. The Use and Abuse of Wetting Agents as Applied to the Cleaning of 

Milking Machines. Harlow L. Pendleton, Massachusetts De¬ 
partment of Agriculture. Milk Plant Monthly, 35, 12: 30-32, 70, 
72. Dec., 1946. 

Experimental data indicated that the flush washing of milking machines 
using wetting agents was as effective in reducing bacteria counts of milking 
machine units as brush washing. Also, the cold water prerinsing of milk¬ 
ing machines could be eliminated for all practical purposes. After 7 days’ 
treatment, low counts were obtained on milking machines, with no appre¬ 
ciable increase after 14 days. Milkstone deposits were insignificant at the 
end of 7 days. The flush-washing method of cleaning .milking machines, 
employing wetting agents, was not advocated as a cure-all for cleaning. 
The process should be used with caution by the careless milk producer. 
However, the careful operator can clean the machine units with less time 
and labor when using this method than by brush washing. Until more is 
known of various detergents and cleaning qualities of wetting agent com¬ 
pounds, intermittent use of brush washing of milking machines must be 
recommended. Carefully selected detergents with wetting properties, in¬ 
telligently used, should prove a great boon to the dairy farmer. 


G.M.T, 
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80. Labor-saving Methods and Materials for Dairy Plant Cleaning. 

D. H. Jacobsen, Cherry-Burrell Corporation, Chicago, Ill. Milk 
Plant Monthly, 35, 11: 24-27, 36. Nov., 1946. 

Advancements in machinery design and building materials and layouts 
make imperative higher standards of plant sanitation despite higher labor 
costs. Choice of products for cleaning in milk processing plants often is 
made on bases of wetting properties, water-softening powers, costs, and 
availability. Properties desired in a good cleaner are: (1) quick and com¬ 
plete solubility, (2) non-corrosive on metal surfaces, (3) complete water¬ 
softening or water-conditioning power, (4) good wetting or penetrating 
action, (5) emulsifying action on fat, (6) dissolving action on milk solids, 
(7) deflocculating, dispersing, or suspending action, (8) good rinsing prop¬ 
erties, (9) germicidal action, (10) economy in use. Straight alkalies, acids, 
or wetting agents alone do not meet the requirements of a good cleaner. 
Likewise, a universal cleaner does not exist, since it is not practical to use 
one cleaning agent on all jobs. Hardness of water plays an important rob¬ 
in the efficiency of the cleaner. Phosphates improve the action of all dairy 
cleaners in hard water. Wetting agents are generally the most expensive 
component of dairy cleaners. Proper lighting, adequate ventilation, use of 
pipe wash tanks, storage racks, plant layouts, and machines influence the 
speed and effectiveness of cleaning. Circulating cleaning solutions and 
spray systems offer promise in reducing hand labor in dairy plants. Both 
acid- and alkaline-type circulating cleaning solutions are used in enclosed 
systems, such as plate heat exchange systems. Spray systems have decided 
advantage in dairy plant cleaning for large tanks or vats and surface cool¬ 
ers. Portable cleaning units offer a possibility in facilitating cleaning 
operations. G.M.T. 

81. Cleaning Electrical Windings. D. L. Gibson, Westingliousc Electric 

& Manufacturing Co., East Pittsburgh, Pa. Natl. Butter and 
Cheese Jour., 38, 1: 40. Jan., 1947. 

Methods of cleaning motors are varied to suit the type of cleaning job 
required, i.e., removal of grease, softening of varnish for rewinding, re¬ 
moval of effects of exposure to chemicals or flood waters. Standard methods 
of cleaning include rubbing with lintless cloths soaked in selected petroleum 
distillates or carbon tetrachloride, use of vacuum cleaning apparatus, spray¬ 
ing or immersing in solvents, and washing with water. It is not advocated 
that facilities be kept available for such diverse methods, but rather that the 
job of cleaning be analyzed carefully to save money, time, and labor. 

w.v.r. 
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82. Determination of Refrigerant Pipe Size. II. M. Hendrickson, Pres¬ 

ton Construction Co., Division of Safeway Stores, Oakland, Calif. 

Refrig. Engin., 52, 4 : 337-329. Oct., 1946. 

The author emphasizes that pressure drop, and not velocity, is normally 
the governing factor to be employed in sizing refrigerant piping. The 
chief consideration of refrigerant velocities is to keep them low enough to 
eliminate excessive noise in the lines, and not so low as to interfere with 
proper oil return. The author presents tables and charts for the more com¬ 
mon refrigerants, with the greatest emphasis on the two most popular 
(Freon 12 and ammonia) giving the best available information on pressure 
drop to facilitate the determination of the proper size of refrigerant mains. 

L.M.D. 

83. Motor Transport Refrigeration. Part I—A Modern Refrigerating 

Unit. 1Ienbt 0. Kirkpatrick, Advance Manufacturing, lue., 

Detroit, Mich. Refrig. Engin., 52, 6: 521-524. Dec., 1946. 

The modern trend in truck refrigeration is toward the self-contained or 
package-type unit, comprising a compact installation of gasoline engine with 
starter, compressor, condenser, and receiver fastened on a rigid frame. 
Above the frame is an insulated plat from upon which is located the evapo¬ 
rator, heat exchanger, expansion valve, and oscillating fan. The lower por¬ 
tion is closed from the truck body with an insulated bulkhead. Access to 
the lower compartment of the unit is had by two doors in the front wall of 
the trunk through which minor service can be rendered or control valves 
operated. Major servicing can be done from the interior by removal of the 
bulkhead. Replacement is readily made with a new unit if shop tear-down 
is required. In this modern unit provision is made to use the reverse cycle 
employing the refrigerating unit as a heat pump, the evaporator function¬ 
ing as a condenser and the condenser as the evaporator. This versatility 
enables the operator to maintain a truck temperature of 0° F. against 80° F. 
outside or to maintain a temperature of 68° F. inside against that of -15° F. 
outside if protection of that sort is needed. The frame installation of the 
mechanical components of the unit overcomes the road vibration encountered 
in truck transportation. To protect against excess pressures during shut 
down, hand valves (six in case of the reverse cycle unit) all are closed com¬ 
pletely, isolating the compressor from the rest of the system. Automatic 
regulation of suction pressure to 30 psi prevents overload during pull-down 
of truck body temperature from 100° F. to 35° F. design temperature. 
Another trend will be that of units of 3 to 5 ton refrigeration capacity, 
capable of maintaining -10° F. with 3 in. insulation, instead of the present 
1 to 2 ton units used to maintain 32° F. with 3 in. insulation or 10° F. in 
trucks insulated with 6 in. of insulation. This is because the larger capacity 
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unit takes up little more loading space and together with 3 in. insulation 
weighs much less than the smaller unit with 6 in. insulation. Also, there 
is a much greater gain in pay load space, resulting in a lower operating cost 
per ton hauled. L.M.T). 

84. The Use of Silica Aerogel as a Thermal Insulation. F. Faxon Ogden 

and John F. White, Monsanto Chemical Co., Merrimac Division. 

Refrig. Engin., 53, 5: 411-414. Nov., 1946. 

Silica aerogel is a light, free flowing, voluminous solid having a density 
ol' about 7.0 lbs. per cu. ft., approximately 94% of its volume being air. It 
has a k factor about 10% less than the theoretical value for still air. This 
is explained on the basis of the pore diameter in the aerogel being about 250 
Angstroms, which is less than the mean free path of the molecules in free 
air. This causes a reduction in the molecular movement of the air enclosed 
in the pore spaces and lowers the conductivity of that air below normal. For 
a mean temperature of 0° F., k is given as 0.13 and for -50° F., as 0.115. 
Moisture-vapor imperviousness is practically 100% for silica aerogel, but 
it must be protected against liquid water, for when over 15% by weight 
is absorbed, the aerogel structure collapses and cannot be restored to its 
original state. Equilibrium in natural settling is reached after about 5 hr. 
Mechanical vibration will hasten settling, and by this means speed up in 
filling cabinet spaces may be obtained. When silica aerogel is subjected to 
mechanical load, there is initially a relatively large decrease in volume due 
to closer packing of the individual particles. This is not recovered upon 
release of pressure. Fire hazard is nonexistent because the material for 
insulation is heat-treated to remove 7 to 10% volatile matter of inflammable 
nature. This material is not silicotic, but a respirator mask is advised 
because of the dust. Because its k factor is about one-half that of materials 
used for freezer cabinet insulation, a great increase in volume of storage 
space may be realized without increasing external dimensions, while in the 
ordinary refrigerator an increase in capacity of between 80 and 90% may 
be realized. When used in normal spaces designed for other insulating 
materials, the low conductivity of silica aerogel reduces refrigeration unit 
operation 40 to 50%. Research is being continued and has already resulted 
in a product of 3.5 to 4.0 lbs. per cu. ft., retaining all the favorable proper¬ 
ties of the original aerogel. L.M.D. 

85. Swedish Insulant Offers Useful Properties. Thore M. Elfving, 

Stockholm, Sweden. Refrig. Engin., 52, 4: 311-313. Oct., 1946. 

Details are given of the physical properties of Isoflex, a thermal insulant 
of air layer type made from thin corrugated foils of cellulose acetate. The 
foils have a thickness of approximately 0.0015 in. These thin foils are 
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joined with their corrugations at right angles, making a punctiform contact 
between them. The several foils are joined into slabs of varying thicknesses 
without adhesive material, being “welded” together by fusing the cellulose- 
acetate at the points of contact. The slabs are 24 in. by 24 in. In order to 
impart black body property to the cellulose acetate foil, which is much 
thinner than 0.004 in., an opacifier is added to the cellulose acetate before 
forming into the foil sheets. This insulant is very light, weighing only 0.67 
to 0.8 lb. per cu. ft. It can be cut readily to fit into irregular spaces. 

In applying Isoflex, the only requirement is that the slabs fit tightly. 
The insulating layer should be slightly thicker than the space allowed for it, 
so that the slabs are compressed slightly. Its flexibility lends it admirably 
to the insulation of tank trucks for transportation of vegetable oils, milk, 
and other goods. The thermal conductivity of Isoflcx is not given. 

L.M.D. 
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ABSTRACTS OF LITERATURE 
BOOK REVIEWS 

86. Milk Marketing under Federal Control. Caul McFarland, Formerly 

Assistant Attorney General of the United States. 205 pages. 

$7.50. Milk Indus. Found., Washington, D. C. 1946. 

This book deals in a technical legal manner mainly with regulation con¬ 
ducted under the Agricultural Marketing Agreement Act of 1937. The 
growth in the last 50 years of legislation by administrative directive rather 
than by statute is commented upon. Most dairy laws in the past have con¬ 
sisted of rather narrow and specific governing statutes with provision for 
judicial enforcement. Broad administrative powers are given in the Food, 
Drug and Cosmetic Act of 1938 and still broader ones in the Agricultural 
Marketing Agreement Act of 1937. The official code carries the last four 
sections of the 1937 act under the chapter title “Agricultural Marketing 
Agreement Act” and the remainder under the “Agricultural Adjustment 
Act of 1933”. 

The essential substance of the Marketing Act is the fixing of minimum 
producer prices to be paid and prescribing how they are to be paid by 
handlers. In discussing detailed procedure and administration, the state¬ 
ment is made that the Marketing Act prescribes what is in some essential 
respects the most complicated procedural system on the Federal statute 
books. Detailed steps are outlined covering mediation and arbitration, the 
marketing agreement and order procedure, administrative and judicial re¬ 
view of orders, enforcement provisions and methods, and, finally, organiza¬ 
tion and personnel. Responsibility for the administration of the act rests 
with the Secretary of Agriculture. The final chapter gives a summary of 
typical marketing order provisions and a review of the issues which underlie 
them. 

Appendices include a transcript of the Act, rules of practice and pro¬ 
cedure, and marketing order references to the Federal Register for 49 dif¬ 
ferent markets. E.F.G. 

87. Bovine Mastitis. A symposium edited by Ralph B. Little and 

Wayne N. Plastridge. 546 pages, illustrated. $7.00. 1946. 

McGraw-Hill Company, Inc., 330 West 42nd St., New York 18, 

N.Y. 

This book is a thorough and critical treatment of the various aspects of 
this 'widespread and costly disease of dairy cattle. The editors and pub¬ 
lisher are to be commended for their method of having the various sections 
or chapters written by recognized authorities in the field. The subject is 
covered in a broad and critical sense and wide differences of opinion recog- 
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nized. The anatomy of the udder, the physiology of milk secretion, the 
pathology, diagnosis, bacteriological classification, transmission, treatment, 
control and public health significance of mastitis are among the subjects 
covered. An appendix giving details of tests, laboratory techniques, and 
methods is a useful addendum. Although this book is prepared in the form 
of a symposium, it should prove to be a useful text for students and investi¬ 
gators in the field and a reference work for veterinarians, dairymen, public 
health officials, and milk sanitarians. T.S.S. 

88. The Problem of Fertility. Edited by Earl T. Engle. 254 pages. 

$3.75. 1947. Princeton University Press, Princeton, N. J. 

This publication consists of a series of 16 papers presented at the Con¬ 
ference on Fertility sponsored by the National Committee on Maternal 
Health. These papers cover fields of active interest and investigation re¬ 
lating to the problem of fertility in man and animals. The inclusion of the 
discussions which followed the presentation of each'paper provides addi¬ 
tional interesting information and points of view. 

The following subjects are presented: Patterns of Estrous Cycles, by 
S. A. Asdell; Ovulation in Sheep and Goats, by R. W. Phillips, R. M. Fraps, 
and A. H. Frank; Induction of Ovulation and Subsequent Fertility in 
Domestic Animals, by L. E. Casida; the Induction of Ovulation in Domestic 
Animals, by John Hammond; the Ovary at the Time of Ovulation, by George 
W. Comer; Hormonal Control of Ovulation, by H. H. Cole; Cervical Mucus 
and the Menstrual Cycle, by W. T. Pommerenke and Ellenmae Viergiver; 
Spermatozoa and Cervical Mucus, by A. R. Abarbanel; Glycolosis, Livability, 
and Fertility of Bovine Spermatozoa, by G. W. Salisbury; Metabolism and 
Motility of Human Spermatozoa, by John Macleod; Fertilizing Capacity of 
Rabbit Spermatozoa, by M. C. Chang; Biology of Equine Spermatozoa, by 
Victor R. Berliner; Artificial Insemination of Dairy Cattle, by J. W. Bart¬ 
lett ; The Cervix Uteri in Sterile Matings, by Fred A. Simmons; The Effect 
of Synthetic Thyroprotein on Sterility in Bulls, by E. P. Reineke; and 
Methods of Determining the Time of Ovulation in Domestic Animals, by 
John Hammond. 

£ 

This book should prove of special interest and value to those engaged in 
the various phases of artificial insemination work. The discussions are well 
supported by experimental data and illustrations. T.S.S. 

BACTERIOLOGY 

89. The Growth of Coliform Bacteria in Pasteurized Milk Stored at 

Refrigerated Temperatures. A. C. Dahlberg, Dept, of Dairy 

Ind., Cornell University, Ithaca, N. Y. Dairy Indus. Found. 

Assoc. Bull., 39, 4: 86-95. Jan. 10,1947. 

Results previously published by the author (Jour. Dairy Sci., 29: 651- 



BACTERIOLOGY 


A43 


655, 1946) are given in detailed tables ■which show that coliform bacteria 
increase more rapidly in numbers than other bacteria in pasteurized milk 
held at refrigeration temperatures. Coliform bacteria were present in the 
majority of freshly pasteurized milk in one quart volumes. After storage 
at 45-50° P. and 55-60° F., the coliform bacteria constituted significant per¬ 
centages of the total bacterial content. Since coliform bacteria in them¬ 
selves are not a public health problem unless present in excessive numbers, a 
standard for condemnation might well be one that can be met by the best 
sanitary plants in the summer when counts are naturally the highest. No 
numerical standard is proposed by the author. E.F.G. 

90. Coliform Bacteria Problem and Its Control. A. C. Dahlberg, Dept. 

of Dairy Ind., Cornell University, Ithaca, N. Y. Milk Dealer, 36, 
4:130-133. Jan., 1947. 

See preceding abstract. 

91. Coliform Organisms in Pasteurized Milk. C. J. Babcock, Market 

Milk Specialist, B.A.I., Agr. lies. Admin., U. S. Dept. Agr., Wash¬ 
ington, D. C. Milk Indus. Found. Assoc. Bui., 39, 4: 78-85. Jan. 
10, 1947. 

During the war the Medical Department of the Army made extensive 
application of the coliform test at Armv installations throughout the country 
as an index to the sanitary conditions under which pasteurized milk is 
handled. Milk to be tested was inoculated into five tubes. If three or more 
of the tubes showed fermentation, the sample was considered positive for 
coliform organisms. Army installations adopting this method obtained very 
satisfactory results. A positive test may be due to improper pasteurization, 
heat-resistant organisms, excessive contamination of raw milk, or growth 
after pasteurization. There was no correlation between the results of the 
coliform test and the standard plate count. Positive and negative coliform 
results were obtained on both low and high count milk. Whenever coliform 
organisms are found in the milk delivered to the consumer, the condition 
almost invariably can be corrected by a thorough cleanup of the plant equip¬ 
ment Thus the test is an ideal means of checking the cleanup operations 
in a plant. E.F.G. 

92. The Viability of Dried Skim-Milk Cultures of Lactobacillus bul- 

garicus as Affected by the Temperature of Reconstitution. 
Marvin L. Speck and Robert P. Myers, National Dairy Products 
Corp., Baltimore, Md. Jour. Bact., 52: 657. Dec., 1946. 

“In spray-dried skim-milk cultures of Lactobacillus bulgaricus a large 
number of that failed to grow when the temperature of the reconstitu- 
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tins fluid was 21 to 25° C. were activated sufficiently to produce normal 
growth when the temperature of the reconstituting fluid was 37 to 50° C. 
"When the culture was reconstituted at 21 to 25° C. and warmed to 50° C., 
the activating effect of the heat was not obtained. 

“The increase in the colony count resulting from reconstitution at 50° C. 
over reconstitution at21 to 25° C. could not be explained by an increase in 
the solubility of the powder, nor an increase in the dispersion of the cells. 

“Reconstitution of dried L. bulgaricus at 50° C. with subsequent inocula¬ 
tion into skim milk showed greater activity in the skim milk, particularly in 
the early stages of growth, than was obtained when the culture was reconsti¬ 
tuted at 21 to 25° C. 

“Freeze-drying part of a skim-milk culture that was also spray-dried 
showed that cells in the freeze-dried culture were not only activated by recon¬ 
stitution at 50° but that this temperature actually was lethal to many of the 
cells. This suggested a physiological difference between freeze-dried and 
spray-dried cells of L. bulgaricus, since the latter were markedly activated 
by heat.” D.P.G. 

93. Spotting and Evaluating Biological Dirt. M. C. Jamieson, H. J. 

Forster, and A. Rey. Canad. Dairy and Ice Cream Jour., 26, 1: 

28. Jan., 1947. 

Biological dirt ordinarily is invisible dirt that contains bacteria, spoils 
food products, and sometimes causes sickness and even death. The suitcase 
type laboratory developed for assisting eating and drinking establishments 
in sanitation problems (Abs. no. 446, Jour. Dairy Sci., 29, 12: A206, Dec., 
1946) has been extended to the dairy industry. “Jamieson’s Sanitation 
Kit” has been used by a few dairies and by the Manitoba Department of 
Public Health. The test is simple and requires little technical training or 
scientific interpretation. The representative area of surface is swabbed off; 
the swab is smeared over the medium prepared in convenient, small, screw- 
capped bottles and incubated at room temperature for 3 days. The fewer 
the colonies that develop, the cleaner the equipment. All plant employees 
see the results and take an active interest in producing clean culture bottles. 
Application of this test for farm use is promising. H.P. 

94. Vitamin A and Carotene Content of Ontario Butter. W. H. Sproule, 

F. W. Hamilton, C. E. Lackner, S. H. Jackson, T. G. H. Drake, 

and M. Moffat. Canad. Dairy and Ice Cream Jour., 25, 12: 23. 

Dec., 1946. 

The mean vitamin A potency of butter from 21 creameries representing 
the five geographical regions of Ontario was 13,269 I.U. per pound. The 
monthly mean for the period May to November was 14,702 I.U. and from 
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December to April 9,915 I.U. per pound. During the periods mentioned, 
carotene supplied 28.8, 25.2, and 17.6% of the total vitamin A potency of 
Ontario butter. The vitamin A and carotene contents of butter vary with 
the month of the year as well as with different regions of production, depend¬ 
ing primarily upon pasture supplies. The peak values for both vitamin A 
and carotene were reached in the month of June, followed by a downward 
trend during the warm midsummer and early autumn period. The latter 
value returned to almost the June level in October. A slight decline took 
place in December, which continued throughout the winter, when the lowest 
values for the year were recorded. H.P. 

CHEESE 

95. A Study of Canadian Cheese on United Kingdom Markets. Wm. C. 

Cameron. Canad. Dairy and Ice Cream Jour., 26, 1: 33. Jan., 
1947. 

There is a market in Great Britain for select cheese of uniformly high 
quality, for which a premium will be paid. To reach this objective, the 
three main points which warrant special care and attention are: (1) clean 
milk supply, (2) amount of acid in the finished cheese, and (3) closeness of 
body. Excellent cheese is one having a close-boring, meaty texture with a 
clean, nutty, cheddar flavor. Two major defects found in Canadian cheese 
were openness and curdy body, the latter varying from a dry texture to a 
chalky or pasty texture. It was generally agreed that in most cases where 
openness was found the curd had not been sufficiently matured on the pan 
before milling and later, before salting. It is claimed that too much “added 
acid” in the form of starter is detrimental to the Cheddar cheese. Not 
over 1.5% starter is recommended if the cheese is not to become acidy on 
aging. H.P. 

96. Give the Cheese of the Lower Fat Type the Place Due It—20% 

Steppe Cheese. F. L. (Frank Lambertsen), Nordisk Mejeri- 
Tidsskrift, 12, 6: 109-110. 1946. 

Cheese made from partly skimmed milk should be produced more than it 
actually is. This cheese always will have a market because it is cheaper 
than cheese made from whole milk and it contains the same amount of the 
nutritionally important solids, protein, and calcium salts. 

Steppe-cheese is a square-formed cheese, weighing from 11-13 lbs., with 
an elastic consistency. Cut, it shows evenly distributed eyes about i in. in 
diameter. A method that has been used for making this cheese for many 
years in a Danish factory is given. The milk used is pasteurized. Before 
the renneting, 2-3% starter, 5% water, and calcium chloride (if necessary) 
are added to the milk. Bennet at the rate of 230 cc. per 1,000 lbs. of milk 
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(50 cc. per 100 kgs.) is added at 97° F. and the setting period is 40 min. 
The curd is cut by 1-cm. knives and stirred for 20 min., after which a little 
more than half of the whey is drained off. Now the curd is stirred vigor¬ 
ously by a fork and heated quickly to 106° F. by adding boiling water, while 
the vigorous stirring is continued. Some more whey is drained off and the 
stirring of the curd finished within about 40 min. Salt, 2.5 lbs. per 1,000 
lbs. of milk (250 g. per 100 kgs.), is added to the water used for heating. 
The stirring finished, the curd is cooled down to 99° F., drawn to the end 
of the vat, and piled for about 20 min., after which it is cut in blocks, hooped 
and pressed in a cheese press for 45 min. After pressing the cheese is placed 
in cold water over night and next morning in brine for 72 hr. After a short 
period in a cooler at 61° F., the cheese is finished at 54° F. and 80% humid¬ 
ity. • The cheese can be stored for 7-8 months. T.K. 

CHEMISTRY 

97. Colorimetric Determination of DDT in Milk and Fatty Materials. 

M. S. SCHECHTER, M. A. POGORELSKIN, AND II. L. HALLER, U. S. 
Dept. Agr., Agr. Res. Admin., Bur. of Entomology and Plant 
Quarantine, Beltsville, Md. Analyt. Chem., 19, 1: 51-53. Jan., 
1947. 

Recent work has shown that contamination of milk, butter, eggs and 
meat may result when farm animals consume DDT-treated feed; that in¬ 
gested DDT accumulates as such in the fatty tissues of experimental animals 
and can be excreted in milk; and that such milk may become toxic enough to 
kill other animals drinking it. This report describes a procedure for the 
determination of DDT as such in foodstuffs containing considerable amounts 
of fatty matter. The method is not rapid but it permits the detection and 
determination of DDT in milk in quantities as low as 1 p.p.m. Milk is ex¬ 
tracted with Skellysolve B, the emulsions are broken by means of a centri¬ 
fuge, and DDT is separated from the fatty fraction by a sulfuric acid treat¬ 
ment based on the solubility of fats and the insolubility of DDT in concen¬ 
trated sulfuric acid. The DDT residue is nitrated and DDT is determined 
by spectrophotometric measurements. * B.H.W. 

98. Estimation of DDT in Milk by Determination of Organic Chlorine. 

R. H. Carter, TJ. S. Dept. Agr., Agr. Res. Admin., Bur. of Ento¬ 
mology and Plant Quarantine, Beltsville, Md. Analyt. Chem., 19, 
1:54. Jan., 1947. 

The method presented describes a procedure for estimation of DDT in 
milk and butter samples by determination of the total organic chlorine. The 
method is rapid, simple, and reasonably sensitive, but it is not specific for 
DDT. The sample is extracted with ethyl ether and Skellysolve B, the fat 
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in the extract then is saponified and removed from the mixture, and the 
aqueous filtrate extracted and subjected to a determination of chloride ion 
by any standard procedure. The amount of DDT is calculated by multi¬ 
plying the amount of chlorine by 2. B.H.W. 

99. Recovery of Lactic Acid from Dilute Solutions. A. A. Dietz with 

E. F. Degering, Purdue Univ., Lafayette, Ind., and II. H. Sohop- 

meyer, Amer. Maize-Products Co., Roby, Ind. Indus, and Engin. 

Chem., Indus. Ed., 39, 1: 82-85. Jan., 1947. 

Lactic acid of varying degrees of purity may be obtained by solvent ex¬ 
traction, steam distillation and crystallization of its salts. The recovery of 
lactic acid by passing vapors of an alcohol through a partly concentrated 
lactic acid solution previously has been reported. A pure grade of acid may 
be prepared by the hydrolysis of an alkyl lactate. In the present investiga¬ 
tion a study was made of the recovery of lactic acid as an ester directly from 
dilute solutions. The acid is converted to an ester and is extracted with a 
solvent in which it is preferentially soluble. Certain chlorinated hydrocar¬ 
bons were found to be selective solvents. The preparation of ethyl and 
propyl lactates with 1,2-dichloroethane as the solvent is described. The 
esters can be purified to any desired degree by distillation. B.H.W. 

100. Applied Ultraviolet Spectrophotometry of Fats and Oils. B. W. 

Beadle, Res. Lab., American Meat Institute, Univ. of Chicago, 

Chicago, Ill. Oil and Soap, 23 , 5: 140. May, 1946. 

The application of spectrophotometry to the analysis of fats and oils is 
described. It is especially useful in studying the changes in the double bond 
systems of fatty acids. The method is applicable to routine analytical work 
in connection with the processing of oils as well as to academic studies on the 
composition of naturally occurring fats and oils. The determinations of 
small amounts of fatty acids with two or more double bonds or of small 
amounts of conjugated bonds are possible by this method because of its high 
sensitivity. J.L.H. 

101. The Oxidation of Methyl Oleate. I. The Preparation, Properties 

and Reactions of Methyl Hydroperoxido Oleate. C. E. Swift, 

F. G. Dollear, and R. T. O’Connor. So. Regional Res. Lab., 

New Orleans, La. Oil and Soap, 23, 11: 355. Nov., 1946. 

The above work was designed to test reports in the literature that methyl 
hydroperoxido oleate is a product in the oxidation of methyl oleate. Methyl 
hydroperoxido oleate was separated by low temperature fractional crystalli¬ 
zation from partially oxidized methyl oleate. Certain characteristics of the 
original hydroperoxido and its reaction products are described which “lend 
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definite support to the view that the first oxidation product of methyl oleate 
is a mixture of 8- and 11-hydroperoxido octadecenoic acid, at least under the 
conditions employed, i.e., oxidation under the influence of ultraviolet light 
or reaction at temperatures up to 60° C.” J.L.H. 

102. Flavor Reversion in Soybean Oil. II. The Effect of Atmospheres 

of Different Oxygen Concentrations on the Flavor Reversion of 
Soybean Oil. Calvin Golumbic, C. J. Martin, and B. F. Dou- 
bert, Dept, of Chemistry, Univ. of Pittsburgh, Pittsburgh, Pa. 
Oil and Soap, 23, 11: 360. Nov., 1946. 

Samples of soybean oil were treated with slow-moving streams of oxygen, 
tank nitrogen containing 0.5% oxygen, or nitrogen purified by passage over 
Seated copper turnings. The samples were maintained in a water bath at 
45.5° C. in Petroff culture flasks. A 250-watt G.E. reflector-drying lamp 
was placed 3 in. directly over the flask and allowed to act during the flowing 
of the gas. 

It was found that the oxidation rate of soybean oil could be varied over 
a considerable range without influencing the organoleptic evaluation of the 
degree of inversion. Even the low rate of oxidation attained by the use of 
purified nitrogen failed to influence the tendency to revert. When low oxy¬ 
gen concentrations were used, the typical grassy reversion flavor was accom¬ 
panied by a disagreeable and persistent drying after-taste not readily detect¬ 
able in the soybean oil reverted in air or oxygen. Reversion under nitrogen 
ocurred at very low peroxide values. J.L.H. 

103. Flavor Reversion in Soybean Oil. III. The Preparation and 

Flavor Characteristics of a Simulated Soybean Oil. Calvin 
Golumbic, A. I. Schepartz, and B. F. Daubert, Univ. of Pitts¬ 
burgh, Pittsburgh, Pa. Oil and Soap, 23 ,12 : 380. Dec., 1946. 

Fatty acids were prepared from Neofat, olive oil, cottonseed oil, and 
linseed oil. The fatty acids were mixed in the proportion in which they occur 
in soybean oil and were esterified with glycerol. The resulting simulated 
soybean oil was tested for flavor inversion, a defect common in soybean oil. 
The flavor produced in the simulated oil by heat and light treatment was dis¬ 
tinctly different from the flavor appearing in soybean oil subjected to the 
same treatment. The results “tend to indicate that the ordinary fatty acid 
constituents of soybean oil are not entirely responsible for the flavor char¬ 
acteristics of reverted soybean oil. Likewise the hypothesis that linolenic 
acid is the sole causative agent does not appear likely although it is possible 
that this acid contributes to the flavor instability of soybean oil.’* J.L.H. 

104. Evaluation of Tests for Rancidity in Edible Packaged Oils. John 

E. W. McConnell and W. B. Eeselen, Jr. Food Tech. Dept., 
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Mass. State College, Amherst, Mass. Oil and Soap, 23, 12: 369. 

Dec., 1946. 

In this study oils were stored in sealed containers and later subjected to 
several tests in order to evaluate the reliability of these tests for quantitative 
measurements of the extent of rancidity (oxidative). The organoleptic test 
was found to be the most satisfactory method for determining the quality 
of corn and cottonseed oils which had been aged in sealed containers. 

A high storage temperature or the presence of air influenced the fading 
time of methylene blue. In sealed containers the aldehyde formation in oils 
was very slow despite extensive development of rancidity. In oils exposed 
to air, the aldehydes increased. The results obtained on the changes in film 
pressure of monomolecular film of corn or cottonseed oil indicate that the 
change in pressure is not wholly dependent on the organoleptic quality of the 
oil but is influenced by the oxidation products formed in the presence of 
excess air. 

The oils aged in the dark at 100° C. developed rancidity rapidly, whether 
stored in sealed containers or exposed to air. Little color change took place 
in the oils in sealed containers; those exposed to air darkened at first, after 
which bleaching occurred. Samples exposed to sunlamps at 38° C. deterio¬ 
rated rapidly in organoleptic quality, whether exposed to air or not. Bleach¬ 
ing occurred in the sealed tubes whereas exposure to air slowed up this 
action appreciably. This indicates that light is the main factor in fading, 
while the darkening is caused by the excess oxygen and is accelerated by 
herit. The implications of these facts in the chain of reactions resulting in 
rancidity are discussed. The induction period of oils stored in sealed con¬ 
tainers was found to be dependent upon the original peroxide value of the 
oils which, in turn, was influenced by exposure to light. Exposure to light 
resulted in destruction of peroxides. The chlorophyll value of an oil was 
found to be governed primarily by exposure to light rather than to its 
organoleptic state. Its general use is not regarded as a reliable test for 
rancidity. J.L.H. 

105. Cleaning Procedure for Babcock Test Bottles. C. W. Rink. Canad. 

Dairy and Ice Cream Jour., 26, 1: 30. Jan., 1947. 

Calcium sulfate film in Babcock test bottles can be eliminated with a con¬ 
centrated solution (30%) of caustic soda. The Babcock bottles are filled 
with the caustic soda and heated to boiling in a water bath for 30 min. The 
bottles are left in the bath for another 30 min. after the heat has been turned 
off. The caustic soda then is emptied and the bottles rinsed with water. 
If a haze remains, it can be removed with dilute hydrochloric acid or full 
strength vinegar. The 30% caustic soda can be reused for about three treat¬ 
ments. 
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CONCENTRATED AND DRY MILK; BY-PRODUCTS 

106. Milk Powder Production Quality and Marketing. H. F. George. 

Canad. Dairy and Ice Cream Jour., 26, 1: 68. Jan., 1947. • 

Good powdered milk has the qualities of any other form of milk. The 
ice cream and dairy industries will use considerably less powder in the near 
future than they recently were using. Powder used for standardizing will 
be replaced by fresh skim milk. Some extra solids for ice cream mix and for 
coffee cream will be needed, plus small amounts for standardizing purposes. 
The largest users of powdered milk will be the bakers. They will have to be 
educated to use more powdered milk. The solution to the marketing prob¬ 
lem is to sell more powder to the bakers, both through personal contact and 
practical demonstrations, and to publicize the products for their high nutri¬ 
tional values. H.P. 

FEEDS AND FEEDING 

107. Methods of Making Potato Silage and Tests of Its Feeding Value 

for Dairy Cows. J. B. Shepherd, T. E. Woodward, and C. G. 

Melin. U. S. Dept. Agr. Tech. Bui. 914. 14 pp. May, 1946. 

Feeding trials with several lots of potato silage, ensiled without preserva¬ 
tive, with salt, with ground corn, or with varying amounts of mixed orchard 
grass and clover hay are reported. Best results were obtained when potatoes 
were ensiled with hay; such silage was very palatable and cows made good 
gains on it and maintained milk production. Ensiling potatoes alone or with 
salt or corn meal did not prove practical. Raw chopped potatoes also were 
fed with satisfactory results when the allowance was not more than 4 lbs. 
daily per 100 lbs. liveweight. When the quantity of potatoes is small, they 
can be fed raw to best advantage. Potatoes can be preserved satisfactorily 
as silage along with 20 to 25% of good quality hay or may be put into the 
silo along with com or other green crops. However, not more than 500 lbs. 
of potatoes should be used for each ton of green crop; a crop such as com 
should be well matured; hay crops should be wilted to not more than 60% 
moisture. Tower silos should be well reinforced because of the heavy weight 
of potato silage. Such silage should be fed after milking and along with 
other roughage of good quality so that the ration will contain sufficient fiber, 
fat, minerals, and carotene. J.G.A. 

FOOD VALUE OF DAIRY PRODUCTS 

108. The Digestibility of Fats—A Correlation of Experimental Data. 

Karl F. Mattil, Res, Lab., Swift and Co., Chicago, Ill. Oil and 

Soap, 23, 11: 344. Nov., 1946. 

Reported data in the literature on the digestibility of fats fed to human 
Adults, human infants, and white rats have been subjected to statistical 
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analysis and correlation coefficients calculated. A positive correlation 
(+0.77, calculated for 16 fats) exists between digestibilities found in human 
adults and those found for corresponding fats in albino rats. 

The correlation coefficient for the relationship between digestibility coeffi¬ 
cients and stearic acid content of fats was found to be negative (- 0.80 for 
human adults for 40 fats; -0.77 for human infants for 16 fats; -0.86 for 
albino rats for 26 fats). The amount of saturated acids of 18 carbon atoms 
or more that a fat contains is the chief limiting factor of its digestibility. 

The coefficients of correlation for the relationship between digestibility 
and melting point are not as high as those for digestibility and stearic- acid 
content, being - 0.66 for human adults for 37 fats and - 0.42 for albino rats 
for 24 fats. This lesser degree of correlation is due to the fact that the melt¬ 
ing point is partially a function of the amount of long chain saturated acids. 

J.L.H. 

109. The Role of Various Substances in Stabilizing Animal Tissues. 

G}. O. Burr, W. O. Lundberg, and J. R. Chipaui.t, Div. of Physi¬ 
ological Chemistry, Univ. of Minn., Minneapolis, Minn. Oil and 
Soap, 23 , 12: 382. Dec., 1946. 

The diet exerts an important influence on the oxygen uptake of body fat. 
The fats are influenced by their fatty acid composition and the presence of 
antioxidants or prooxidants. The most clear-cut demonstration is obtained 
by feeding or withholding tocopherol to rats. Tocopherols were found to 
differ among themselves in their effect on the keeping time of body fat. The 
alpha and beta form are twice as effective as the gamma form when fed to 
rats. The gamma form is several times as effective as an antioxidant as the 
alpha form when added directly to rendered body fat. 

The type of fat in a purified diet was found to be very important. But- 
terfat was much more effective than lard in increasing the keeping quality 
of body fat of rats. J.L.H. 

110. The Role of Proteins in Animal Nutrition. II. C. Schaefer, Ralston 

Purina Co., St. Louis, Mo. Oil and Soap, 23 , 12: 375. Dec., 1946. 

The role of proteins in animal nutrition is discussed. It is emphasized 
that adult ruminants are not as specific in their protein requirements as the 
' single stomach or monogastric animals. The calf, in early life, is like the 
non-ruminants in that the rumen is undeveloped; hence it requires a better- 
quality protein in early life. The nutrition of small-stomached animals is 
concerned with amino acid nutrition or similar compounds, rather than with 
protein. More information is required on the nutrients or compounds fur¬ 
nished by proteins of high biological value and better methods are needed for 
the proper evaluation of proteins. J.L.H. 
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ICE CREAM 

111. Rdle of Emulsifiers in Ice Cream Making. B. I. Masurovsky. Ice 

Cream Trade Jour, 42 , 12: 72. Dec., 1946. 

Egg yolk, monoglycerides, and diglycerides are being used as emulsifiers 
for ice cream. To evaluate a commercial preparation as an emulsifying 
agent, the following test is suggested: Prepare a 15% sugar solution contain¬ 
ing 10% butterfat. Introduce 0.25% of stabilizer and 0.25% of emulsifier 
into the sweetened oil and water system. Apply heat to insure the solubility 
of the emulsifying agent. Pour the entire mixture into a graduated cylin¬ 
der, agitate it for 2 min., and allow it to stand undisturbed for 10 min. 
Examine the volume of free milk fat in the column and calculate the amount 
of fat emulsified. Compare it with a control mixture without an emulsi¬ 
fying agent. 

Ice cream stabilizers sometimes contain emulsifying material, and it is 
advisable to follow directions given by the manufacturer of these products. 
The trend seems to be toward the increased use of emulsifiers in ice cream 
in an attempt to produce a higher quality product. W.H.M. 

112. Problems Arising from Increased Costs. Ridgway Kennedy, Jr., 

Abbotts Dairies, Philadelphia, Pa. Ice Cream Trade Jour., 42 , 10: 

118. Oct., 1946. 

During the war years the cost of ingredients used in the manufacture of 
ice cream showed a marked increase. Costs such as delivery, sales, and 
merchandising have been held in check because of increased volume of sales 
and government restrictions. Production costs have risen because of in¬ 
creased labor costs and the type of labor available. After price controls 
were removed, the ice cream manufacturer could raise his price to offset in¬ 
creased costs. During the past year manufacturing overhead costs have 
been favorable, due to increased volume. However, they will go up if 
volume begins to go down. 

Should the ice cream manufacturer go back to daily delivery and increase 
the number of flavors carried in stock, or spend excessive amounts of money 
to get new business, costs are sure to rise. In order that sales volume may 
be maintained, ice cream manufacturers might well consider the expenditure 
of money on advertising campaigns designed to increase consumer acceptance 
for ice cream. Money put into state and national nutrition programs will 
tend to increase per capita consumption of ice cream mid by so doing, oper¬ 
ating costs may be reduced. New competition from within and without the 
ice cream industry will make it necessary for ice cream manufacturers to 
make decisions based on sound business judgment. W.H.M. 
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113. Preserved Fruits—Preserve Flavor. F. I. Hutchins, Hutchins Ad¬ 

vertising Co. Ice Cream Field, 48 , 6: 30. Dec., 1946. 

The manufacture of fruits, nuts and flavors represents a large industry 
which caters to the ice cream manufacturer. The trend is away from highly 
colored and extract-flavored products. Processed ( i.e heated) flavors and 
fruits are considered more sanitary than fresh or cold packed fruits or “dry 
nuts”. W.C.C. 

114. Causes of Shrinkage in Ice Cream Making. B. I. Masurovsky. Ice 

Cream Trade Jour., 42 , 9: 58. Sept., 1946. 

Large air cells, heat shock due to sudden change in the temperature of 
ice cream cabinets, large ice crystals, utilization of certain types of milk 
solids such as those present in frozen cream, use of certain types of cocoa, 
improper blending of ingredients, and subjecting the ice cream to a wide 
range of temperature changes in storage are some of the causes of shrinkage. 

W.H.M. 

115. Factors Affecting Shrinkage. R. J. Ramsey, Ramsey Laboratories, 

Cleveland, Ohio. Ice Cream Trade Jour., 42, 12: 46. Dec., 1946. 

Shrinkage in ice cream may be affected by the following factors: (1) The 
destabilizing effect of freezing upon the colloidal suspension of proteins sur¬ 
rounding each air cell. (2) Low viscosity in the frozen ice cream, which 
may be influenced by ice crystal structure, sugar, type of freezer, and con¬ 
dition of the ice cream. (3) Air cell structure (fine air cells actually cause 
ice cream to shrink more readily than large air cells). (4) The use of dry 
ice. (5) The use of untreated paper in ice cream cans, boxes, or cartons. 
(6) Freezer operation. More shrinkage occurs in ice cream that is frozen 
too stiff and too dry at the freezers. . (7) Air pockets due to poor filling 
practices. (8) High overruns. (9) Increased air circulation over cans. 
(10) Composition of ice cream. High butterfat, high sugar, excessive 
amounts of corn sirup, and the use of eggs seem to increase the tendency for 
ice cream to shrink. W.H.M. 

116. Planning the Modern Ice Cream Plant. John W. Farley, Sales 

Engineering Dept., Cherry-Burrell Corp. Ice Cream Field, 48, 

6:18. Dec., 1946. 

A consideration of small to medium combination milk and ice cream 
plants is presented. The general over-all purpose of planning such a plant 
is “To process the maximum quantity which can be sold of the highest 
quality products at the lowest possible cost”. 

The following factors are considered as important in the order listed: 
(1) amount of raw material to be handled, quantity of finished products to 
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be produced, as well as personnel and time available for required operations; 
(2) quantity of tools and equipment required, as well as expected methods 
of processing and handling; (3) location of building; (4) size and type of 
building to be constructed; (5) type of construction to be employed; (6) 
basis for deciding room arrangement in building; and (7) smallest number 
of changes which must be made in arrangement of equipment without dis¬ 
turbing the original plan. The necessity of surveys and reliable estimates 
of expected expansion are emphasized. By considering plant operation time 
schedules, equipment best suited for efficient operation can be selected. 
Flow plans are discussed from the point of view of efficiency in processing, 
packaging and storage. In plant layout it is highly desirable to have at 
least three sides of the building accessible. The use of a building accessible 
from only one side “almost invariably means a rather inefficient layout”. 

W.C.C. 

117. Bulk-Gallon Sales Spreading. Anonymous. Ice Cream Trade 

Jour., 42, 10: 96,180. Oct., 1946. 

The sale of bulk ice cream in single gallon containers for home use, which 
was started in March, 1946, by the Breyer Ice Cream Company in the Harris¬ 
burg, Pa., area, now has been expanded to other areas. Other ice cream com¬ 
panies now sell bulk ice cream by the gallon for home use. A label is placed 
on the container showing the retail price and how to store and dip the ice 
cream. Dealers are taking a 26% markup on this item. W.H.M. 

118. Trends in Ice Cream Advertising and Sales. ' E. L. Walker, Arden 

Farms, Los Angeles, Calif. Ice Cream Trade Jour., 42, 12 : 60. 

Dec., 1946. 

Selling is an art, not a science. It is simply common sense and sound, 
fast thinking applied to business problems. The trend is away from teach¬ 
ing salesmen too much theory. Show them successful principles in action. 
Give them facts. Teach them to deal with specific situations. Train them 
in all phases of operation, including making mixes, freezing, novelties, and 
delivery. They should be familiar with restaurants, hotels, food markets, 
and drive-in markets. Ice cream manufacturers should see that their dealers 
play fair with the public and strive to give them good value for their money. 
Better package identification in cabinets also is helpful in getting better con¬ 
sumer acceptance. The trend is toward better balanced ice cream advertis¬ 
ing campaigns, employing all media such as radio, newspapers, billboards, 
deluxe boards, point of purchase, car cards, and direct mail. 

New possibilities for profitable ice cream mechandising are opening up 
every day. Some of them are: frozen food stores, vending machines, dairy 
departments, ice cream cabinets in apartment houses, complete frozen meals 
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with ice cream, complete cooked meals with ice cream, air lines, home and 
farm deep freeze unit sales, push carts, retail trucks, bicycles and boxes, 
modem power scooters, liquor stores for package sales, theater lobbies, and 
cabinets in drugless drug stores and in regular drug stores other than at 
fountains. Packaged sales, cups, and bars are becoming more popular; 
frosty malts also are on the upswing. W.II.M. 

119. Super-Market Merchandising. Vincent M. Rabttffo. Ice Cream 

Trade Jour., 42, 12: 34. Dec., 1946. 

The anticipated entry of food chains and independent food stores into the 
ice cream marketing picture obviously is underway in all sections of the 
country. A striking example of how one well known wholesale ice cream 
manufacturer has reached out for important super-market ice cream volume 
is the case of the Bettar Ice Cream Co. of Baltimore, Md. The company sup¬ 
plies cabinets and the necessary promotional and advertising signs to 50 
stores. The only item sold is the “Luxury Pint”, which retails at 30 cents. 
The insulated bag for carry-home sales is an essential part of the program. 
A cardinal point in the sale of ice cream through food chains is that the ice 
cream be sold and merchandized through a department separate from that 
which sells frozen foods. W.H.M. 

120. Modern Ice Cream Store Planning. Don Mack, Weber Showcase 

and Fixture Co., Los Angeles, Calif. Ice Cream Trade Jour., 42, 

12:39. Dec., 1946. 

The six basic layouts for retail ice cream stores include the straight 
counter, the horse shoe counter, the island arrangement, the full service, the 
self-service, and the drive-in. Successful store operators follow these rules: 
(1) Select a store on the shady side of the street in the afternoon, and on the 
right side of the street on the way home from the heart of town. (2) Select 
a location where .there are at least 300 families within a radius of 10 blocks. 
(3) See that the floor is attractive, of a usable surface, and that the ceilings 
and walls are of a light finish. (4) If you are in the same room with other 
merchants, insist upon the same side of the room that the staple items are 
merchandised .from. (5) Select fixtures which will provide the greatest 
convenience to your customers, and provide the best working conditions for 
your employees both from the standpoint of speed and personal comfort. 
(6) Buy your supplies from wholesalers and jobbers who have a reputation 
for handling only the best. (7) Send announcements by mail to the 300 
families in your neighborhood 3 or 4 days in advance of the opening of a 
new store, and at frequent intervals when you are’ going to offer particular 
flavors or special dishes with a varied appetite appeal. (8) Keep your store 
and equipment spotlessly clean and never under any circumstances allow a 
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customer to leave your store dissatisfied, even if you have to take a temporary 
loss. 

These rules do not apply in country towns with regard to location. In 
the country the best locations are near the busiest stores and on the same 
side of the street. W.H.M. 

121. The Merchandising Power of Sanitation. George IIennerich. Ice 

Cream Trade Jour., 42, 10:112. Oct., 1946. 

The ice cream manufacturer and his dealers must assume responsibility 
for the sanitary service of ice cream, as people are more conscious of cleanli¬ 
ness than ever before. The first step should be the development of sanitary 
routines at the soda fountain and ice cream departments through which ice 
cream is sold to the public. Sterilization of glassware between each use, 
clean dispensers, clean towels, use of dipper pads, and clean water in the 
dipper wells are routines which should be done correctly. The motto of 
every retailer should be “Be Clean, Keep Clean, Serve Clean”. W.H.M. 

122. Glorifying the Pint Package. Vincent M. Rabuffo. Ice Cream 

Trade Jour., 42, 10:102. Oct., 1946. 

The Riviera Ice Cream Co. of California operates more than 30 stores and 
also sells to dealers. It produces only pint packages and controls the retail 
price by billing the ice cream to dealers at the full retail price less a per¬ 
centage discount which represents the dealers’ markup. Stores operated in 
Los Angeles are distinctively designed, handle only ice cream, and are oper¬ 
ated by one girl. A high butterfat ice cream containing about 60% overrun 
is sold for 35 cents per pint. Jiffy insulated bags with dry ice are furnished 
to customers for a 5 cent deposit, which is refunded if the bag is returned five 
times for refills. Ten different flavors are sold. W.H.M. 

123. Ice Cream on Retail Milk Routes. Anonymous. Milk Dealer, 36, 

4 : 42,66. Jan., 1947. 

The Adohr Milk Farms, Los Angeles, is successfully distributing ice 
cream on its retail milk routes. The ice cream is carried on the delivery 
routes in refrigerator boxes. These boxes hold 24 pints of ice cream and are 
refrigerated with 2.5 lbs. of dry ice. The ice cream is packaged only in 
pints. Vanilla and chocolate are the only flavors regularly packaged. 

C.J.B. 

124. The Ice Cream Industry and Frozen Foods. Vincent M. Rabuffo. 

Ice Cream Trade Jour., 42, 10:100. Oct., 1946. 

“The main ingredients of success in frozen food distribution are how well 
you are prepared to merchandise, sell, and service and remembering, all the 
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time, that frozen foods belong to the food business and yet are different than 
anything heretofore seen in the food industry.” Actually, the frozen food 
business is six different businesses representing fruit, vegetables, fish, meat, 
poultry, and food specialties. It is a separate business from ice cream mak¬ 
ing and to be successful it must be operated as such. Any ice cream manu¬ 
facturer going into the frozen food business should plan for all-year service 
and merchandising, but he also should have a separate organization for that 
purpose. W.H.M. 

MILK 

125. Some Angles on Leveling Milk Production. C W. Pierce, Pitts¬ 

burgh District Dairy Council, Pittsburgh, Pa. Milk Indus. Found. 

Assoc. Bui., 39 , 3: 56-68. Jan. 3, 1947. 

Increased milk production during the fall months will be needed for 
several years due to population increases, prospective high demand, and 
larger business activity associated with good incomes. A large recurring 
fall shortage is likely to result in enlarging a city milk shed to the point 
where later conditions might unduly reduce the price of milk to the pro¬ 
ducer. It is to the interest of the producer to avoid severe shortages of milk. 
Better feeding and care will help, but the greatest leveling effect comes from 
a change in the breeding program. Spring freshening continues to pre¬ 
dominate because farmers think such milk is produced more cheaply, even 
though cost records apparently show that fall freshening produces lower cost 
milk. A survey of several hundred farmers in Pennsylvania showed many 
believed fall and winter costs are higher than spring and summer costs by 
$1.09 per 100 lbs. It is concluded that an incentive fall price of less than 
$1.00 over the spring price would not greatly increase fall milk production. 
A higher class I seasonal price of the equivalent of 2 cents per quart initially, 
with perhaps 1 cent after enough production is obtained, is favored by the 
author over the “b.ase rating” plan. E.F.G. 

126. Off-Flavored Milk Due to Production Methods. C. W. England, 

Highland Dairy Farms, Washington, D. C., and Baltimore, Md. 

’ Milk Dealer, 36, 4: 118-120. Jan., 1947. 

The causes of off-flavor in milk are discussed. The discussion is sum¬ 
marized as follows: Off-flavored milk due to production methods can be 
avoided by eliminating the cause. Avoid feed flavors by bringing the cows 
off pasture-type feeds (or weeds) 3 to 7 hr. before milking. Strong flavored 
feeds, fed in the barn, should be fed after milking. Prevent flavors due to 
bacterial growth by practicing proper methods of sanitation and cooling. 
Eliminate off-flavors due to chemical composition changes by eliminating the 
guilty cows from the milking herd. Last, keep foreign materials out of milk. 

Don’t lose sight of the fact that people aren't going to drink milk unless 
they like it. • C.J.B. 
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127. A Survey of Milk Bottle Costs, Disappearance and Trippage. J. M. 

McAirty. Canad. Dairy and Ice Cream Jour., 26, 1: 54. Jan., 

1947. 

The rate of new glass purchases varies roughly in proportion to popula¬ 
tion; it is quite probable that the length of delivery routes also is a factor. 
Other factors which may throw the average out of line are: (1) faulty equip¬ 
ment in one or more of the larger plants, (2) disregard for 5-cent deposit 
charge, (3) carelessness in handling bottles, and (4) costly system of ex¬ 
changing bottles between dairies. 

The 5-cent deposit decreased the rate of purchase of new bottles and led 
to the resurrection of used bottles from cellars and back yards. In 1945 in 
13 plants in eight cities, the average number of trips per bottle was 5.8 and 
the average disappearance rate 1.72%. The universal bottle has reduced 
breakage and loss and has reduced expenses by elimination of sorting and 
exchanging bottles. H.P. 

128. The Treatment of Cream. Trvgve Langslet, Malkeforsyningen, 

Oslo. Nordisk Mejeri-Tidsskrift, 12, 7: 129-132. 1946. 

I. The sanitary treatment of the cream. 

The methylene blue test alone is insufficient for good control of the quality 
of milk and cream. Milk containing millions of bacteria of the type F3 
(related to Bacterium coli and Bacterium fluorescens liquefaaiens) has had a 
reduction time of more than 5.5 hr. by the methylene blue test. Lactic acid 
bacteria reduce methylene blue but do not grow on peptone agar; with the 
majority of the foreign bacteria the opposite is true. A combination of the 
methylene blue test and plate count on peptone agar gives an excellent evalu¬ 
ation of the bacteriological quality of the milk. A determination of the coli 
count in the milk received ought to be made at the same time. 

Control when the milk is received is not enough. Samples for bacterio¬ 
logical control should be taken of the milk on its way through the whole 
pasteurization system, and from the moment the cream leaves the separator 
the control should be continued so the bacteriological quality of milk and 
cream always is known at any place. Small sampling valves, can be placed 
in the system before and after possible sources of contamination. 

A higher pasteurization temperature for the milk from which the cream 
is taken has been used with good results, as well as fast cooling and low 
storage temperature. 

II. The treatment of the cream in order to get as high a viscosity as possible. 

The treatment has been adapted from that of Henning and Dahlberg. 

The best results are obtained by cooling the cream slowly and to as low a 
temperature as possible after the pasteurization. The cream is heated to 
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between 75.2 and 91.4° F. Above or below these temperatures almost no 
effect in the viscosity is obtained. The best effect is obtained between 80.6 
and 86° F. 

A method similar to this one has been used in practice, a different one for 
cream with different fat content. After pasteurization the milk is cooled to 
37.4° F. (not absolutely necessary but the best result is obtained by this) 
and is heated again to separating temperature. The cream is treated in spe¬ 
cial vats. Cream containing 35% butterfat or above is separated at 104- 
111.2° F., cooled to 37.4-39.2° F. in 1 hr., and remains at this temperature 
1 hr. Next it is heated to 82.4° F. in 50-60 min. by warm water in the jacket 
under continuous stirring. Immediately after reaching this temperature 
the cream is cooled to 46.4° in f—1 hr. The cream is drawn in cans and 
placed in ice for further cooling. 

Cream containing 30% butterfat is separated at 95-100.4° F., cooled to 
35.6° F. in 1 hr., and kept at this temperature 0-1 hr. before heating to 82.4° 
F. in 90-110 min. (slow heating). The difference in the temperature be¬ 
tween the warm water in the jacket and the cream in the vat must not be 
more than 18° F. Cooling to 46.4° F. in 1 hr. follows. 

Cream containing 20% butterfat or less is separated at 78.8-86° F.,. 
cooled to 35.6° F. in 1 hr., and remains at this temperature for 0-1 hr. before 
heating to 82.4° F. in 110-130 min.(very slow heating). The difference in 
the temperature between the warm water and the cream must not be 
more than 9° F. Especially in the beginning the heating must be very 
cautious. Likewise the cooling from 82.4 to 35.6° F. must be done slowly 
in 90-110 min., for instance, first by water from 82.4-68° F. and then by 
brine. The cream is stored in the vat at 35.6° F. until the next day. 

The treatment must be adapted for every plant. Bacteriological control 
of the cream has to made constantly or the cream can be subject to a reduc¬ 
tion in quality. 

1II. The treatment of cream in regard to making it suitable for whipping. 

The most important requirements for good whipping cream are: 

a. Through the whipping the biggest possible increase in volume shall 
take place. 

b. The cream shall be of a high stiffness. 

c. It shall remain stiff for several hours without falling together. 

d. The cream shall have a reasonable whipping time. 

e. Little leaking of serum, and preferably none, at least not the first hour 
after whipping. 

In order to get a stable product the separating temperature must not be 
too low. Pasteurized milk may be separated at 95° F. (depends on the 
season) and give a stable product, but not below 86° F. 

Whipping cream ought not to be diluted, with skim or whole milk, but 
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with thinner or fatter, cream. The temperature of whipping ought to be 
44.6-46.4° F. 

IV. The packing of cream for sale. 

The best thing to do is to sell the cream in bottles or cartons. This way 
gives the smallest loss and is the most sanitary. T.K. 

129. How to Sell Dairy Products Again. George F. Barber, Abbotts 

Dairies, Philadelphia, Pa. Milk Indus. Found. Assoc. Bui., 39, 
5:105-119. Jan. 20,1947. 

A discussion of the selection of routemen is followed by a detailed pro¬ 
cedure for conducting a 4-day training school for routemen, using the Milk 
Industry Foundation training manual, “The Balanced Job”, as a guide. 
The time is divided into not over 15% in lecture, at least 40% in training the. 
men, and 45% in exchanging experiences and opinions of specific problems 
and cases. The various duties of a routeman are analyzed and definite meth¬ 
ods of instruction and procedure are specified. It is recommended that 
routemen be relieved of route duties for the period of the course, as it can¬ 
not be given effectively after a day of regular route service. E.F.G. 

130. What Kind of Plans and Materials are Put to Most Effective Use 

by Home Service Route Salesmen? Edwin Funk, Sheffield 
Farms Co., Inc., New York, N. Y. Milk Indus. Found. Assoc. Bui., 
39, 5 : 99-104. Jan. 20, 1947. 

What helps are furnished to the routeman will depend upon whether a 
1 ‘ moderate base, high commission ” or “ high base, moderate commission ’ ’ pay¬ 
ment system is in effect. A simple natural approach to the problem is ad¬ 
vised to get him to use these helps most effectively. A check list of 23 de¬ 
tails in producing routemen’s sales tools is given under three headings, viz., 
general, bottle collars and hangers, and folders and circulars. E.F.G. 

PHYSIOLOGY 

131. Preparation and Chemistry of Anterior Pituitary Hormones. Abra¬ 

ham White, Dept, of Physiol. Chem., Yale University* New Haven, 
Conn. Physiol. Rev., 26: 574-608. 1946. 

On the basis of physiological evidence, apparently at least six recognized 
individual hormones exist, although there is some biological overlapping 
among certain of the anterior pituitary secretions. The four most highly 
purified anterior pituitary proteins are the lactogenic, the adrenotrophic, the 
growth, and the luteinizing hormones. The thyrotrophic principle has been 
isolated in highly purified form but has not yet been examined by rigid cri¬ 
teria of protein purity. The follicle-stimulating hormone awaits further 
purification. D.E. 
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132. Mechanism of the Development of Obesity in Animals With Hypo¬ 

thalamic Lesions. John R. Brobeck, Laboratory of Physiology, 

Yale University School of Medicine, New Haven, Conn. Amer. 

Jour. Physiol., 26, 4: 541-559. Oct., 1946. 

Experimental study has shown that the obesity of animals with hypo¬ 
thalamic lesions arises primarily from a marked increase in food consump¬ 
tion, sometimes accompanied by a decrease in locomotor activity and by a 
transitory depression of basal heat production. The extra food eaten by 
the animal constitutes a relatively large energy surplus, which the tissues 
dispose of by storing some of it and by oxidizing the rest to carbon dioxide 
and water. Since lesions of the hypothalamus induce these highly typical 
deficits, the hypothalamus probably normally participates in the mainte¬ 
nance of the over-all energy equilibrium; the control of food intake, work 
output and body temperature may be correlated and integrated within this 
portion of the diencephalon. D.E. 

MISCELLANEOUS 

133. Possible Trends of Dairy Research in Canada. J. A. Pearce. 

Canad. Dairy and Ice Cream Jour., 26, 1: 64. Jan., 1947. 

Possible trends in post-war dairy research in Canada are: (1) the utili¬ 
zation of waste dairy products or dairy by-products as specialty foods, (2) the 
possibility of using dehydrated whey in baking, and (3) the use of continu¬ 
ously operated dairy equipment, such as continuous butter-making machines 
and the adaptation of this churn to Canadian composition requirements for 
butter. Keeping quality studies will have to be made on this butter and 
results compared with butter made from the conventional methods of manu¬ 
facture. H.P. 

134. Insect and Rodent Control in Dairy Plants. George C. Decker, 

Entomologist, Ill. Natural History Survey and HI. Agr. Expt. 

Sta. Milk Dealer, 36, 4: 124-128. Jan., 1947. 

In the control of insects and rodents, both preventive and remedial 
measures should receive thorough consideration. Plant location and con¬ 
struction are emphasized among the preventive measures. The discussion 
of insect control is based mainly on the use of DDT. It is pointed out that, 
because DDT is used under greatly varying conditions to control many 
kinds of insects, it is marketed in several forms. Each has its distinct uses, 
advantages, and disadvantages. Following is a list of the forms now read¬ 
ily available: 

(1) Prepared DDT dusts, ready for use, are available in concentrations 
of from less than 1% to 10 or 15%. 
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(2) DDT dust concentrates, containing 25 to 50% of DDT, to be used 
by jobbers or growers for preparing dilute dusts. 

(3) Wettable powders, which are similar to dust concentrates but con¬ 
tain a wetting agent, are intended for use in the preparation of sprays. 

(4) Oil solutions of several kinds are available. Some for use as house¬ 
hold fly sprays contain as little as 0.2 to 1% of DDT in refined kerosene. 
Others intended for household use on bedbugs, flies, roaches, etc., contain 5% 
of DDT in refined kerosene or other suitable solvent. 

(5) Emulsion concentrates are solutions of DDT, an emulsifying agent, 
and a solvent. They can be mixed with water to make sprays. 

(6) DDT bombs, or “aerosol” bombs, contain DDT dissolved in liquefied 
gas. These bombs are for use in homes and other enclosed places. 

DDT is used either as space sprays or as residual sprays. The space 
sprays also contain some quick-acting agent and are highly effective. They 
are used extensively in enclosed places. With the residual sprays, the 
residue left on surfaces sprayed or painted with DDT suspensions, emul¬ 
sions, or oil solutions containing 1 to 5% of DDT will continue to kill flies, 
mosquitoes, roaches, etc., for from 1-2 weeks to several months after the 
spray is applied. The use of a 5% DDT solution or spray to be applied 
at the rate of 1 gallon per 1,000 sq. ft. of surface is generally recommended. 
DDT is effective in some paints but decomposes rapidly in whitewash. 

Rodent control is discussed from the standpoint of prevention as well 
as poisoning. In addition to the poisons usually used, the uses of Antu 
(alphanaphthylthiourea) and 1080 (sodium fluoroacetate) are discussed. 

C.J.B. 

135. Berlin Diary (Dairy Edition). Henry I. Tragle. Milk Dealer, 36, 

4: 47-48, 100-106. Jan., 1947. 

A description is given of the C. A. Bolle plant in Berlin, which in normal 
times handled from 150,000 to 250,000 liters of milk per day. The plant 
had manufactured butter, margarine, ice cream, skim and whole milk 
cheeses, and a variety of fermented milk products. In addition they had 
operated a recovery plant where various chemical by-products of milk, such 
as casein and milk sugar, were extracted from the milk waite. High-tem- 
perature, short-time pasteurization was used. A description is given of the 
plant layout and equipment. C. J.B. 

• 

136. Future Price Supports for Dairy Products. Don S. Anderson, 

Dairy Branch, Production and Marketing Admin. Milk Indus. 

Found. Assoc. Bui., 39, 3 : 49-55. Jan. 3,1947. 

The Act of 1941 and the Steagall Amendment require the support of 
the prices of certain agricultural products at 90% of parity for 2 years after 
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Jan. 1 of the year in which the war is officially declared “over”. (Abstrac¬ 
tor’s note—on Dec. 31, 1946, President Truman officially declared the war 
“over”, so this act now supports prices through Dec. 31, 1948.) Little 
direction was given the Department of Agriculture with regard to how the 
support was to be effected. 

Three possible methods of price support are suggested: (1) Do little 
about production but dispose of surpluses as can be done best. (2) Put 
into effect a strong production and marketing program, using supports to 
encourage shifts in production in predetermined directions. This probably 
would mean higher support prices for some products and quotas for others. 
(3) Employ a minimum of controls and some incentives to prevent un- 
mangeable surpluses. The author suggests that any adjustment in the 
dairy industry probably will be toward more milk production rather than 
less. E.P.G. 

137. How Efficient Is Your Creamery? L. C. Thomsen, Univ. of Wis. 

Natl. Butter and Cheese Jour., 37, 12: 38. Dec., 1946. 

Changing conditions in the creamery industry require careful evalua¬ 
tion of plant efficiency. A chart is given which may be used for systematic 
study of factory operations. Factors included are quality, manufacturing 
methods, personnel, operating losses, accounting, sales, purchases of equip¬ 
ment and supplies, and public relations. Each factor is evaluated* by the 
answers to specific questions which call attention to the important phases 
of the factor under consideration. W.V.P. 




Volume XXX 


May, 1947 


Number 5 


Journal of Dairy Science 

i Published by the 

AMERICAN DAIRY SCIENCE ASSOCIATION 

R. B. Stoltz, Sec.-Treas. 

Ohio State University, Columbus, Ohio 

ABSTRACTS OF LITERATURE 

F. E. NELSON, Editor 
Ames, Iowa 


MILK AND MILK PRODUCTS 

Published in cooperation with 

INTERNATIONAL ASSOCIATION OF ICE CREAM 
MANUFACTURERS 
R. C. Hibben, Executive Secretary 
1105 Barr Bldg., Washington, D. C. 

MILK INDUSTRY FOUNDATION 

Col. B. F. Castle, Executive Director 
1001 Fifteenth Street, N.W., Washington 5, D. C. 


Editorial Committee 

H. H. Somme®, Madison, O. D. Turnbow, Oakland, 

Wisconsin, A. D. S. A. California, I. A. I. C. M. 

Harold Pratt, Philadelphia, A. J. Powers, Brooklyn, 

Pennsylvania, I. A. I. C. M. New York, I. A. M. D. 

Y. Christiansen, Chicago, 

Illinois, I. A. M. D. 


Bacteriology 

Breeding 

Butter 

Cheese 

Chemistry 


CONTENTS 

Concentrated and dry 
milk; by-products 
Diseases 

Feeds and feeding 
Food value of dairy 
products 


Herd management 
Ice cream 
Milk 

Miscellaneous 

Physiology 


The Science Press Printing Company 


Lancaster, Pa. 



PUBLICATIONS AND ABSTRACTS 

EDITORS 


Dahle, C. D., Dahlberg, A. C., Elliker, P. R., 
Tracy, P. H. and Weckel, K. G. 


ABSTRACTORS 


Archibald, J. G. 
Babcock, C. J. 
Bennett, F. W. 
Berggren, Rath BL 
Burgwald, L. H. 
Burfcey, L. A. 
Bushnell, L. D. 

Call, A O. 
Caulfield, W. J. 
Cole, W. C 
Coulter, S. T. 

Doan, F. J. 


Dorsey, L. M. 
Downs, P. A. 

Ely, Fordyce 
Erb, J. H. 

Frasier, W. C. 
Fuller, S. A 

Click, D. P. 

Goes, B. F. 

Henderson, J. L. 
Huffman, C. F. 


Irvine, O. R 

V. 
T. 

C. 

I. 

Price, W. V. 
Pyenson, Harry 

Reece, Ralph P. 


Josephson, D. 
Kristoffersen, 
Lucas, P. S. 


Martin, W. H 
Marguardt^ X 


Mueller, 


S 


Salisbury, G. W. 


Thomsen, L. C. 
Trout, G. M. 

Waugh, R. K. 
WebhTb. H. 
Weckel, K. G. 
Weiser, H. H. 


Yale, M. W. 


JOURNALS 


American Butter Review 
American Milk Review 
American Journal of Diseases of Children 
American Journal of Physiology 
American Journal of Public Health 
Archives of Pediatrics 
Australian Journal of the Council for 
Scientific and Industrial Research 

Biochemical Journal 

Canadian Dairy and Ice Cream Journal 
Canadian Journal of Public Health 
Canadian Journal of Research 
Certified Milk 
Cornell Veterinarian 


Dairy Industries 
Dairy World 

Endocrinology 

Food in Canada 
Food Industries 
Food Manufacture 
Food Research 


Journal 

Journal 

Journal 

Journal 

Journal 

Journal 

Journal 

Journal 

Journal 

Journal 

Journal 

Journal 

Journal 

Journal 

Journal 

Journal 

Lancet 
Le Lait 


Milk Dealer 
Milk Industry 
Milk Plant Monthly 
Molkeritidende 


of Bacteriology 
of Biological Chemistry 
of Dairy Research 
of Dairy Science 
of Endocrinology 
of Experimental Medicine 
of General Physiology 
of Genetics 
of Heredity 
of Infectious Diseases 
of Milk Technology 
of Nutrition 

of Pathology and Bacteriology 
of Physical Chemistry 
of Physiology 
of Veterinary Research 


Ice and Refrigeration 

Ice Cream Field 

Ice Cream Review 

Ice Cream Trade Journal 

Industrial and Engineering Chemistry 


National Buttpr and Cheese Journal 
New Zealand Journal of Science and 
Technology 

Nordisk Mejeri-Tldsskrlft 


Journal of Agricultural Research 
Journal of Agricultural Science 
Journal of American Medical Association 
Journal of the American Oil Chemists 
Society 

Journal of American Veterinary Medical 
Association 

Journal of Animal Science 


Pacific Dairy Review 
Proceedings of Society of Experimental 
Biology and Medicine 

Refrigerating Engineering 

Scientific Agriculture 
Southern Dairy Products Journal 


SPECIAL PUBLICATIONS 


Federal Dairying and Bacteriological Estab¬ 
lishment, Liebefeld, Berne, Switzerland 

International Association of Ice Cream Manu¬ 
facturers 

Milk Industry Foundation 

National Institute for Research in Dairying, 
Readi ng , En gland 

Ns m York Association of Dairy and Milk In¬ 
spectors 


Prussian Dairy Research Institute, Kiel, Ger¬ 
many 

State Agricultural Colleges and Experiment 
Stations 

The Royal Technical College, Copenhagen, 
Denmark 

United States Department of Agriculture 



ABSTRACTS OF LITERATURE 

BOOK REVIEWS 

138. Ice Cream Industry. Second Edition. 6. D. Turnbow, P. H. 

Tracy, and L. A. Raffeto. 654 pages. $6.00. John Wiley & 
Sons, New York. 1947. 

• This textbook on the manufacture of ice cream is entirely new and re¬ 
places an earlier book by Turnbow and Raffeto. The text covers the ice 
cream industry from its early history up to and including the war years. 
The book is well illustrated, contains 25 chapters of worthwhile information, 
and is understandable to the plant man who has had no technical training. 

There are chapters dealing with history, classification, and recipes. The 
recipes (15 pages) are largely for various flavors used and for ice cream of 
different flavors, sherbets, ices, and fancy ice creams. Adequate directions 
also are supplied. Other chapters cover composition of mix, selection of 
milk products, and sweetening agents w r ith their relative sweetness values. 

A chapter of considerable size deals with stabilizers in which gelatins, 
gums of the kinds used in ice cream, and emulsifying agents are discussed. 
A short chapter is devoted to eggs in ice cream, and another to standardiza¬ 
tion of the mix. “Mix Preparation” is the title of a long chapter covering 
equipment use, standardizing of acidity, pasteurization, homogenizing, cool¬ 
ing, restandardization of off batches, making mixes in the vacuum pan, and 
coloring. Two chapters are devoted to freezing the mix by batch and both 
kinds of continuous freezers, overrun control, and factors affecting overrun. 
Flavoring ice cream is covered in Chapter 12, while other chapters deal with 
hardening ice cream and with packaging and delivery. Ice cream novelties, 
sherbets and ices, specialties, and the manufacture of fancy ice cream forms 
are w r ell handled. Several excellent illustrations show how fancy forms are 
made. 

Sanitary control, bacterial content, washing and sterilizing, food value, 
defects, and physical and chemical properties are discussed in detail in 
chapters devoted to these subjects. The business phases of ice cream manu¬ 
facturing are covered in chapters devoted to merchandizing, plant costs, and 
records. The final chapters deal with mechanic phases such as refrigera¬ 
tion, steam and equipment, the testing of dairy products used in ice cream, 
and the testing of ice cream for fat and total solids. C.D.D. 

139. Prices of Dairy Products and Other Livestock Products. Frank 

A. Pearson and Edmund E. Viae. 154 pages. $3.00. Cornell 
University Press, Ithaca, New York. 1946. 

This book contains the results of a study to determine the effect of 
monthly production, stocks, supply, price- level, demand, and competitive 

ARS 
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products on the monthly prices from 1920 to 1941 for each of twelve live¬ 
stock products: butter, cheese, evaporated milk, nonfat dry milk solids, 
casein, eggs, poultry, lamb, veal, beef, pork, and lard. Oleomargarine and 
cottonsed oil also are discussed because of their close relationship to butter 
and lard, respectively. Most of the variations in prices of livestock prod¬ 
ucts are explained on tlie basis of the general price level and the production, 
stocks, or supply of the different products. These factors accounted for 45 
to 94% of the variation in the monthly prices. The importance of price 
level varied from month to month. For some products large production 
and low prices were associated, while in others high prices and high pro¬ 
duction were related. Stocks generally were related inversely to prices, but 
the effects varied widely from season to season and from product to product. 
Butter prices, for example, were more closely related to supply than to pro¬ 
duction. The commonly used measures of demand—national income, earn¬ 
ings of factory workers, and business activity—did not explain much of the 
variation in the prices after the effects of the price level and production, 
stocks or supply had been eliminated. 

The book is well written, with most of the data presented in simple tabu¬ 
lar and graphical form. A 14-page abstract and summary contains con¬ 
clusions based on the principal findings for each product and a statement 
of the economic principles involved. This book should be a welcome addi¬ 
tion to the library of any person interested in the factors affecting the prices 
of dairy and closely related farm products. W.L.S. 

140. Bacterial Chemistry and Physiology. John R. Porter, pp. 1073 + 

x. $12.00. John Wiley & Sons, Inc., New York, N. Y. 1946. 

This book is a needed addition to the literature of fundamental bacteri¬ 
ology, as it summarizes material from very diverse sources and provides 
an excellent bibliography for further study of special points. Much of the 
material is such as to have considerable technological application. Of the 
ten chapters, those on growth and death of bacteria, effects of physical agents 
on bacteria, effects of chemical agents on bacteria, bacterial enzymes and bac¬ 
terial respiration, bacterial nutrition, and microbial’ fermentations should be 
of special interest to people in tiie dairy industry. * F.E.N.. 

141. Concise Chemical and Technical Dictionary. H. Bennett, Editor. 

pp. 1055 + xxxix. $10.00. Chemical Publishing Co., Inc;, Brook¬ 
lyn, N. Y. 1947. 

More than 50,000 items, compounds, or names are described or defined. 
For many chemical compounds the chemical name, synonymous names, semi- 
structural formula, molecular weight, color, form, specific gravity, melting 
point, and solubilities are given. The biological terms in general are incom- 
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pletely listed, and many of those listed are not defined as well as one might 
wish. The coverage of trade names and common trade terms appears to be 
unusually good and is one of the most desirable features of the book. The 
rules of nomenclature of organic chemistry adopted by the Council of the 
International Union of Chemistry in 1930 are summarized in some detail, 
and an extensive list of names and formulae of radicals occurring in organic 
compounds is presented. The 1934 report of the Nomenclature, Spelling 
.and Pronunciation Committee of the American Chemical Society is repro¬ 
duced by permission. Tables of Greek, mathematical, apothecary and mis¬ 
cellaneous symbols are given, as are weights and measures and temperature 
conversion scales. The list of indicators unfortunately lists those for pH, 
oxidation-reduction potential, and specific compounds all in one group. The 
diagraming of many of the important organic ring systems provides a useful 
summary. 

While this is not a handbook in the usual sense of the word, it fulfills 
many of the functions of a handbook and provides considerable information, 
especially in the fields of chemistry and related topics, which is not included 
in the usual handbook. F.E.N. 


BACTERIOLOGY 

142. A Review of Micrococcus Enterotoxin Food Poisoning. W. C. 

Haynes and G. J. Hucker, N. Y. State Agr. Expt. Sta., Geneva. 
N. Y. Food Res., 11, 4: 281. July-Aug.. 1946. 

A rather complete summary of the available information relative to the 
role of certain varieties of micrococci in causing outbreaks of food poisoning 
or gastroenteritis in humans is presented. Milk and other dairy products 
frequently have been involved as sources of the organisms. Much of the 
presentation deals with the characteristics and properties of the bacterial 
enterotoxin, which is the real cause of the symptoms found in those suffering 
attacks. An extensive bibliography is presented. F.J.D. 

CHEESE 

143. Building of Store Rooms for Cheese. Frank Lambertsen. Nor- 

disk Mejeri-Tidsskrift, 12, 11: 221-230. 1946. 

The modern store room for cheese must have a capacity large enough that 
it can hold 3-4 months’ production; thus the cheese does not need to be sold 
in a period of low prices. A one-story building is the ideal, because cheese 
can be trucked easily from room to room. A one-story store room may be 
built in the basement and extended out under the area around the factory. 
The racks should be low enough that a man easily can reach the cheese 
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placed on the upper shelf. A sufficient space between the shelves and be¬ 
tween the shelves, ceiling, and floor is of great importance for good working 
conditions, as are wide passages between the racks. No rack should ever 
touch the wall. The walls, ceilings, and floors should be smooth and without 
irregularities. For sanitary reasons, the walls should be faced with brick. 

If a one-story store room cannot be built, the staircases and elevators 
should be placed conveniently. Likewise, the different rooms—the salting 
room, curing room, the cold cooler, and the sales room—should be located 
conveniently. 

Much is dependent on the temperature and the humidity in the store 
room. Good insulation and a good heating and cooling system are of great 
importance. Heating is best done by circulation of warm water. Radiators 
are best placed on the walls. The cooling system can work with an evapora¬ 
tion temperature of 32° F. or a little above, and the humidity easily can 
be held at 80-85° F. without artificial humidification. A cooling system in 
which the air is circulated by a fan is best. It prevents water condensate 
on walls and ceilings and renews the air. 

In store rooms for Blue cheese and Emmentlialer cheese the fan system 
cannot be used because of the high humidity wanted. Pipes in which a cool¬ 
ing medium is circulated can be placed under the ceiling and cold air will 
circulate over the cheese and keep it cold. 

Both building and equipment must be of good quality. T.K. 

144. Process for Making Material for Use in the Manufacture of Process 

Cheese. Higbee Wayne Bryant (to Kraft Cheese Co.). U.S. 

2,392,362. Jan. 8,1947. (5 claims). 

In the manufacture of the class of cheese including Limburger, brick and 
Camembert varieties, after the curd is matted, it is subdivided into chunks 
not materially more than 1 inch in thickness and then washed promptly 
to prevent re-matting. The surfaces are subjected to action of appropriate 
aerobic ripening organisms in an atmosphere suitable for proper develop¬ 
ment and the ripened chunks then consolidated by heat to form the finished 
cheese. Increased rate of ripening under conditions which “substantially 
prevent” formation of undesirable rind is claimed. F.E.N. 

145. Process for Making Cheese. Alan E. Flowers and Andrew E. 

Mebget (to The De Laval Separator Co.). U.S. 2,415,239, Feb. 

4, 1947. (4 claims). 

A process for removing gas from cheese curd dispersed in whey and 
centrifuging out the curd as the heavier component by a continuous process 
is described. F.E.N. 
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CHEMISTRY 

146. The Component Fatty Acids of Buffalo Colostrum Fat. C. 1\ 

Anantakrishnan, V. R. Bhale Rao, T. M. Paul, and M. C. 

Rangaswamy, Imperial Dairy Research Institute, Bangalore, 

India. Jour. Biol. Chem., 166: 31-33. 1946. 

Composite mixtures of colostrum fat from four Murrah buffaloes taken 
the first five days, the tenth and fifteenth days of lactation were analyzed 
for the usual physical and chemical fat constants. The refractive index 
and the iodine value gradually decreased, with a corresponding increase in 
the Reichert and saponification values. Fat from the first, second, third, 
and tenth days of lactation was subjected to detailed chemical analysis by 
ester fractionation. “The chief changes to be found were the gradual in¬ 
crease in the amount of butyric, myristic, and palmitic acids and a decrease 
in the amount of stearic and oleic acids, the decrease in the latter being more 
pronounced.” The analytical data are summarized in two tables. A.O.C. 

147. The Immune Proteins of Bovine Colostrum and Plasma. Emil L. 

Smith, E. R. Squibb and Sons, New Brunswick, N. J. Jour. Biol. 

Chem., 164: 345-338. 1946. 

Colostrum and the protein fractions derived from it w f ere studied electro- 
plioretioally. A lactoglobulin possessing all the immune properties of 
colostrum could be isolated, and data are given to show that this globulin 
easily is distinguished from /Mactoglobulin. In two different trials this 
immune globulin comprised 55% of the total protein of colostrum drawn 1 
hour post partmn. “Immune activity has not been found in fractions free 
from this protein, and conversely the isolated protein accounts completely 
for the immune properties of colostrum ... by the second day the composi¬ 
tion of the colostrum begins to approach that of milk and the immune lacto¬ 
globulin fraction can no longer be obtained free of other proteins by the 
simple method described.” 

Some discussion is devoted to the relationship of the various immune 
proteins. While the colostrum globulin is similar to the globulin found in 
bovine blood serum, the two are not identical. A.O.C. 

148. Isolation and Properties of Immune Lactoglobulins from Bovine 

Whey. Emil L. Smith, E. R. Squibb and Sons, New Brunswick, 

N. J. Jour. Biol. Chem., 165: 665-676. 1946. 

“The high levels of immunity generally present in colostrum have 
served to obscure the fact that immunity is also present in the later milk. 
Though present in small amount, the immune proteins occur regularly in 
the whey of normal animals. 
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“Electrophoretic analysis has shown that the immune lactoglobulins con¬ 
stitute about 10 per cent of the protein in normal bovine whey. During 
hyperimmunization the immune components may increase considerably, 
although this does not occur regularly. 

“A method has been described for the isolation from whey of the euglob- 
ulin and pseudoglobulin in electrophoretically homogeneous form. Immune 
activity is associated with both of these proteins. 

“The isolated proteins have been studied in the Tiselius apparatus at 
different pH values, and the proteins have been characterized by their iso¬ 
electric points, diffusion constants, absorption spectra, and other properties. 

“Studies in the ultracentrifuge reveal that all of the isolated bovine im¬ 
mune proteins contain more than one component. The principal component 
(76 to 92%) has a molecular weight of about 180,000. ” A.O.C. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

149. Plastic Cream, Its Production and Uses. R. J. Spiers, Abbotts 

Dairies, Inc., Philadelphia, Pa. Dairy Ind. Pound. Assoc. Bui., 39, 

7:189-192. Feb. 14, 1947. 

The present methods of producing plastic cream were perfected and 
patented by Abbotts Dairies, Inc., and a suitable bowl assembly designed by 
the De Laval Separator Co. A number of factors must be controlled care¬ 
fully if the quality of the product is to be right. Included are: (1) good 
quality raw material, (2) freedom from copper or iron contamination, (3) 
temperature control (170° F. for 15 min. after the first separation and the 
second separation carried out at 145° F.), (4) product cooled enough to be 
like ice cream as it is packaged—never so much that paddles are necessary 
for handling, (5) use of a cylindrical cardboard container similar to 5-gallon 
ice cream can, (6) cooling as soon as packaging begins, using 10-20° F. air 
blast, (7) storing at 0 to -10° F., (8) shipping in brine-refrigerated cars, 
(9) keeping the fat content between 79.5-80.5% (all testing must be done 
at time of packing and not on frozen cream). 

A thorough study of the psychrophylic type of bacteria in this product 
is needed. Plastic cream may be used for any purposes for 1 * which 50% 
cream is used and for some additional purposes. Largest use is in ice cream, 
with cream cheese a close second. If more attention is not paid to quality, 
plastic cream will lose much of the trade advantage it recently has earned. 

E.F.G. 

i 

150. Manufacture of Casein by Means of Gyratory Motion Applied to an 

Inclined Screen. Edward J. Wendt (to Hercules Powder Co.). 

TJ.S. 2,415,268, Feb, 4,1947. (4 claims). 

This patent describes a device consisting of a means fox: causing gyratory 
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motion to which is attached a closed pan provided with, an inlet, a fine-mesh 
screen on the bottom but tilted from the horizontal, and an outlet in the pan 
from the highest point on the screen. A catch basin is placed under the 
pan to collect the liquid after the very fine particles have been separated 
from it. • P.E.N. 

151. Dairy Process. Gerald C. North and Alvin J. Alton (to Beatrice 

Creamery Co.). U.S. 2,5192,401, Jan. 8,1947. (6 claims). 

Powdered whole milk is made by first separating the whole milk to fluid 
cream and skim milk. The resultant skim milk is condensed and heated to 
170-180° F. for 15-30 min. The cream is heated separately to 170-180° F. 
for 15-30 min., then combined with the treated skim milk portion and the 
resultant mixture dried to a powder. F.E.N. 

FEEDS AND FEEDING 

152. Factors Affecting the Enzymic Destruction of Carotene in Alfalfa. 

H. L. Mitchell and S. M. Hauge, Purdue University Agr. Expt. 

Sta., Lafayette, Ind. Jour. Biol. Chern., 164: 543-549. 1946. 

“Enzymic destruction of carotene in alfalfa leaves was retarded as long 
as the tissues remained turgid, but increased rapidly with wilting. Since 
the loss of carotene was very rapid when the cells had been ruptured or 
otherwise modified by freezing, it appears that cell permeability limits caro¬ 
tene destruction. Under field conditions, little loss of carotene occurs until 
wilting takes place. 

“Soil fertility had no significant effect on the carotene-destroying activity 
of alfalfa leaves. 

“As the plants approached maturity, there w T as a slight decrease in caro¬ 
tene-destroying activity. 

“There were no consistent differences in the carotene-destroying activity 
of the four varieties of alfalfa studied. 

“Enzymic destruction of carotene during field curing appeared to be 
greater than destruction by light/ 7 A.O.C. 

ICE CREAM 

153. Retension of Ascorbic Acid in Strawberries during Processing, 

Frozen Storage and Manufacture of Velva Fruit. H. J. 

Loeffler, Western Regional Research Laboratory, Albany, Calif. 

Food Res., 11 ,1: 69. Jan.-Feb., 1946. 

Prime, mature strawberries averaged 66 mg. of ascorbic acid per 100 g. 
on a sirup-free basis 3 months after freezing. Immature fruit averaged 91 
mg. and over-ripe fruit 55 mg. on the same basis. Whole or sliced berries 
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frozen without sugar lost no ascorbic acid during freezing. With sugar the 
losses amounted to about 10-15%. Whole berries packed in water lost 
about 20%, while pureeing or flash pasteurizing of the puree prior to freez¬ 
ing reduced the ascorbic acid.not more than 5%. 

On short storage (2-3 months), the berries frozen without sugar lost 
about 12-15% of their ascorbic acid; those with sugar, less than 5%; purees 
with sugar, 12%; and purees without sugar, about 16%. On extended 
storage up to 15 months, the sugared and unsugared berries lost only an 
additional 5% of ascorbic acid. The sugared and unsugared purees lost 
about 10 and 15%, respectively. 

Losses during defrosting were found to be greater than in freezing and 
holding, particularly if the defrosting was slow or if the products were held 
some time after defrosting. When sugared puree was made into velva fruit, 
the loss of ascorbic acid was less than 5%. IJnsugared purees, however, 
lost 12% during the mixing and refreezing. P.J.D. 

154. Retension of Ascorbic Acid in Raspberries during Freezing, Frozen 

Storage, Pureeing and Manufacture into Velva Fruit. H. J. 

Loeffler, Glacier Packing Co., Sanger, Calif. Food Res., 11, 6: 

509. Nov.-Dee., 1946. 

Essentially all the ascorbic acid was retained in raspberries during freez¬ 
ing and storage up to 4 months, and not over 25% was lost up to 28 months. 
Sugar was found of definite value in reducing even this small loss. In 
frozen raspberry purees, lack of sugar more than doubled the loss of ascorbic 
acid during 16 months of storage. F.J.D. 

155. Ice-Cream Freezer. Leroy H. Knibb. U.S. 2,416,326, Feb. 25,1947. 

(15 claims). 

The motor-driven freezer is intended for insertion into the ice compart¬ 
ment of a refrigerator. Provisions are made for discharge to the atmos¬ 
phere of the air heated by the driving motor. F.E.N. 

MILK 

156. When Electricity Is Used for Pasteurization Does It Fit in with 

Other Plant Operations. Israel Adams, St. Lawrence Dairy, 

Reading, Pa. Dairy Ind. Found. Assoc. Bui., 39, 7: 177-179. 

Feb. 14,1947. 

The installation of an electrical pasteurizer presents no problems that 
cannot be corrected as readily as when installing any other system of pas¬ 
teurization. The possibility of two or three small units to get the desired 
total capacity is suggested. E.F.G. 
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157. Pros and Cons of Short-Time High-Temperature Pasteurization. 

R. J. Winning, Sheffield Farms Co., Inc., New York, N. Y. Dairy 

Ind. Found. Assoc. BuL, 39, 7: 180-188. Feb. 14,1947. 

The advantages include: (1) a double safety factor from automatic con¬ 
trol and the flow diversion valves, (2) lower equipment cost for large plants, * 
(3) less floor space, (4) regeneration savings, (5) less labor in cleaning, (6) 
easier to operate, (7) more uniform product, (8) elimination of trouble from 
thermophilic bacteria, (9) expansion at small cost, (10) less milk held too 
long in case of shut down, (11) lower milk losses, (12) fact that thermoduric 
bacteria may survive encourages cleaning up milk supply, and (13) equip¬ 
ment more easily sterilized. 

Disadvantages are: (1) gasket trouble, (2) some products as buttermilk, 
sour cream, etc., do not process well, (3) possibility of freezing when a low 
temperature cooling medium is used, (4) flow diversion valve should be im¬ 
proved and body made of stainless steel. 

Some suggestions for use include checking flow in both forward and 
diverted position, keeping the unit completely airtight for ease of cleaning, 
and checking the flow with both homogenized and regular milk when putting 
out homogenized milk. E.F.G. 

158. Experiences Using the S.T.H.T. on Milk, Cream, Buttermilk, Cocoa 

and Cottage Cheese. Martin Klosser, Bowman Dairy Co., 

Chicago, Ill. Milk Ind. Found. Assoc. Bui., 39, 7: 167-179. Feb. 

14. 1947. 

Results from STIIT as compared with a long flow method are as good 
from the standpoint of thermodnrics, thermophilies, phosphatase test and 
cream volume, and better for the flavor of the milk. Seven units are oper¬ 
ated in four plants of the writer’s organization, with a total capacity of 
105,000 lbs. of milk per hour. Both the Chicago Board of Health and the 
plant engineer frequently check the operation of the units in various ways. 
Sixteen hours with 75% regeneration seems to be the maximum length of 
run before loss in heat transfer rate requires disassembling and cleaning 
up the unit. Milk is heated to 161.5° F. for 16 sec. with clarification be-* 
tween regenerator and heater. Homogenized milk is heated to 170° F. for 
16-18 sec., going from regenerator to homogenizer to clarifier to heater at 
70° F. Cream is cooled in the cooling section. Thirty-six per cent cream 
takes about 20 sec. rather than 16 to pass through the holder. Skim milk 
for culture is heated with a second regenerator and heater to 185—190° F. 
When processing chocolate drink made from cocoa, a meandering retarder 
gives a 10 min. holding period at 180° F. Cocoa has a grinding effect on 
pumps, which need to be checked frequently. For cottage cheese 161.5° F. 
for 16 sec. is high enough; higher temperatures give curds which are too 
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fine. For cleaning, the alternate acid and alkali methods are used, followed 
by assembly and a sterilizing water rinse. STHT is used for all fluid milk, 
specialty products, and by-products, except sour cream and ice cream mix. 

B.F.G. 

159. Some Cooking Qualities of Homogenized Milk. II. White 

Sauces. Alice M. Towson and G. M. Trout, Michigan State 
College, East Lansing, Mich. Food Res., 11 , 3: 261. May-June, 
1946. 

White sauces made with homogenized milk failed to incorporate added 
fats as well as when made with unhomogenized milk. As the amount of fat 
was increased, the difference became more pronounced. The viscosity of the 
sauces increased as the pressure used in homogenizing the milk was raised. 
Beaten sauces made with a rotary beater were smoother in texture and 
superior in flavor when homogenized milk rather than unhomogenized milk 
was incorporated into them. F.J.D. 

160. Improving Milk Quality from Cow to Plant. C. B. A. Bryant, 

Johnson and Johnson, Chicago, Ill. Milk Dealer, 36 , 4: 49-54. 
Jan., 1947. 

See Abs. 72, Jour. Dairy Sci., 30 , 3: A33. Mar., 1947. 

161. Bottle Capping Head. Carl W. Goodwin (to American Seal-Kap 

Corp.). U.8. 2.416.001, Feb. 18, 1947. (4 claims). 

A capping head for use with a hood cap having a central diaphragm, a 
top wall, and a fluid marginal skirt to be folded around the outer surface 
of the bottle neck is described. F.E.N. 

162. Method and Apparatus for Pasteurizing Liquids. Raymond E. 

Olson (to Taylor Instrument Co.). U.S. 2,415,304, Feb. 4, 1947. 
(10 claims). 

The basic change involved in the usual high temperature-short time pas¬ 
teurization process is the provision for raising the temperature of the heat- 
*ing fluid to a value above the predetermined level in response to diversion 
of the product when it fails to maintain the prescribed temperature. 

F.E.N. 


MISCELLANEOUS 

163. Federal and State Standards for the Composition of Milk Products. 
Anonymous. U. S. Dept. Agr., Bureau of Dairy Industry, Leaflet 
BDIM—Inf—45. 4 pp. Feb., 1947. 

Federal, State and Territorial standards in force Jan. 1, 1947, are pre- 
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sented in tabular form, with explanatory footnotes in many instances. Data 
on minor products are not included. F.E.N. 

164. Manufacture of Cream Products. Lloyd K. Riggs (to Kraft Foods 

Co.). U.S. 2,414,837, Jan. 28,1947. (6 claims). 

A material containing 80 to 95% milk fat is produced by adjusting cream 
to pH 3.8 to 4.8, heating to at least about 180° F., and then centrifuging the 
heated acid cream to break the original emulsion. F.E.N. 

165. Sediment Testing Device. Bernard L. Kinyon. U.S. 2,414,044, 

Jan. 7, 1947. (11 claims). 

A portable scndiment tester using vacuum and compressed air for actu¬ 
ating the reciprocal plunger within the barrel is described. A measured 
quantity of milk is drawn into the barrel on the suction stroke and dis¬ 
charged through the filter on the pressure stroke. F.E.N. 

166. Method of Removing and Concentrating Residue from Containers. 

E. Roy Alling and Henning A. Trebler (to Rice & Adams 
Corp.). U.S. 2,418,063, Mar. 25,1947. (11 claims). ' 

A pre-rinse for a continuous can washer, in which two lots of detergent- 
free water are used consecutively and repeatedly until a “marketable con¬ 
centration” of material such as milk is built up in the first of the two rinses, 
is described. The rinsed cans then are washed with water containing a 
detergent. F.E.N. 

167. Can Dumping Mechanism. Claude II. Abbott. U.S. 2,413,900. 

Jan. 7,1947. (5 claims). 

A power-driven can dumping device for use with milk cans is described. 

F.E.N. 

168. Defrosting Frozen Foods by High Frequency Heat. W. II. Cath- 

cabt and J. J. Parker, National Bakery Division, The A & P Tea 
Co., New York, N. Y. Food Res., 11 , 4: 341. July-Aug., 1946. 

Utilizing a 3-kilowatt high frequency unit made by the Federal Tele¬ 
phone and Radio Corporation, the authors were able to defrost frozen eggs, 
fruit, vegetables, and fish in cardboard containers in from 2 to 15 min., de¬ 
pending on the size of the package. This was accomplished without loss of 
quality, such as discoloration and flavor deterioration. F.J.D. 
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BUTTER 

169. Is Mold Mycelia Count a Satisfactory Index of Butter Quality? 

P. R. Elliker, Purdue University, Lafayette, Ind. Natl. Butter 

and Cheese Jour., 38, 3: 38. March, 1947. 

The greatest faults of application of the mold mycelia count to butter 
have been: (1) Its value is only seasonal. (2) Even in the warm months 
it operates successfully only in certain parts of the country. (3) In Indiana 
and surrounding regions it does not eliminate the quality inferiority repre¬ 
sented by more than 50% of all cooking grade butter and declares about one- 
third of the 90 score butter illegal during the warm months. Better ap¬ 
proaches to quality control might be reached by careful organoleptic grading 
and sorting and by using mold mycelia counts on finished butter only as a 
supporting test to grading and testing for extraneous matter. W.V.P. 

170. What We Can Do to Increase Butter Consumption. H. Schumacher, 

Swift & Co., Chicago, Ill. Natl. Butter and Cheese Jour., 38, 4: 40. 

April, 1947. 

A five-point program is given: (1) Quality is the only safe basis for in¬ 
creasing sales and building repeat business. (2) The product must be prop¬ 
erly protected, preferably by a wrapper or coverings more effective than a 
single sheet of parchment. (3) The package must have eye appeal. (4) 
Adequate advertising is needed. (5) Displays of butter in modern cases 
will increase sales. W.V.P. 


CHEESE 

171. Standards of Identity for Cheese. A. B. Erekson, Plymouth, Wis. 

Natl. Butter and Cheese Jour., 38, 2: 42. Feb., 1947. 

Proper standards should protect health, values, quality, and investments 
of established manufacturers. Pasteurization of milk, suitable aging of 
raw-milk cheese, and elimination of preservatives are health protection 
measures. Labeling of skim milk cheese is not adequate protection of 
values. Specifications should provide maximum moisture and minimum fat 
contents for each recognized variety or class of cheese. W.V.P. 

172. Manufacture of Granulated Type American Cheddar Cheese. E. C. 

Damrow, Damrow Bros. Co., Fond du Lac, Wis. Natl. Butter and 
Cheese Jour., 38, 4: 44. April, 1947. 

Granular type Cheddar now can be made with mechanical equipment 
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and a minimum of hand labor. The regular milled curd process is followed 
until the time of draining, although a slightly lower cooking temperature 
may be used to increase the moisture content of the finished cheese. When 
the curd is firmed, special rake paddles are substituted for the stirring pad¬ 
dles of the usual mechanical agitator. A half-round strainer is used to hold 
the curd away from the gate end of the vat. The whey is drained with prac¬ 
tically continuous mechanical raking of the curd so that matting is pre¬ 
vented. Removing the whey requires about 30 min. by this process. Salt 
is applied from 30 to 45 min. after dipping ends and when the whey acidity 
approximates 0.30%. The whole process requires from 3 to 4 hr. from the 
time of renneting to hooping. W.V.P. 

173. Grade and Composition of Swiss Cheese in Northwestern Wisconsin. 

C. B. Lane, Blue Moon Foods, Thorp, Wis. Natl. Butter and 
Cheese Jour., 38, 3; 34. March, 1947. 

Data on the composition of 19,642 wheels of Swiss (grade A, 4,046; grade 
B, 5,393; grade C, 4,899; grade open standard, 2,639; and grade standard, 
2,665) obtained from 13 factories for a year beginning September, 1945, 
showed no practical correlation between composition (moisture and fat) and 
grade. W.V.P. 

174. Factors Influencing Acid Production by Cheese Cultures. F. J. 

Babel, Iowa Agr. Expt. Sta., Ames, Iowa. Natl. Butter and Cheese 
Jour., 38, 2 : 38. Feb., 1947. 

This is an abridged discussion of the paper in the Journal of Dairy 
Science, 29, 9 : 597. 1946. 


CHEMISTRY 

175. The State of Vitamin A in Colostrum and in Milk. D. B. Parrish, 
G. H. Wise, and J. S. Huoiies, Kansas Agr. Expt. Sta., Manhattan, 
Kans. Jour. Biol. Chem., 167: 673-678. 1947. 

Vitamin A alcohol was separated from the vitamin A ester by the use 
of an alumina adsorption column, the ester passing through the column. 
Colostrum samples were taken within 4 hr. postpartum and milk samples 
from the game cows 3 to 8 weeks later. One Guernsey, 6 Jerseys, 7 Ayr- 
shires, and 4 Holsteins were used in the study. 

The authors conclude that: "Practically all of the Vitamin A in both 
colostrum and milk was found to be in the form of the ester.” Pr eliminar y 
studies indicated most of the vitamin A in the blood of these cows was in the 
form of alcohol. "Most of the fat-soluble yellow pigment in colostrum and 
in milk was found to be carotene. ’ ’ A.O.C. 
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176. Application of Sendroy’s Iodometric Chloride Titration to Protein- 

Containing Fluids. D. D. Van Slyke and Alma Hiller, Hosp. 

Rockefeller Inst, for Med. Res., New York. Jour. Biol. Chem., 167: 

107-124. 1947. 

The Sendroy iodometric method for chlorides is based upon the libera¬ 
tion and measurement of the I0 3 radical according to the following equation: 
AglOa + Cl = AgCl f I0 3 ". The I0 3 ‘ is measured by titrating against a 
standard thiosulfate solution. 

“In the present application, the titrimetric procedure for protein-con¬ 
taining fluids is simplified by carrying out the reaction with AgIO s and pre¬ 
cipitation of proteins simultaneously in a single operation, so that an entire 
analysis, including removal of the mixed precipitate and titration of the 
filtrate, can be carried through in about 6 minutes.” 

A table comparing this method and the nitric acid digestion method in 
the analysis of cows’ milk is given. A.O.C. 

177. The Determination of Iron in Biological Material. A. J. Woiwod, 

Wellcome Physiological Research Laboratories, Beckenham, Kent 

(England). Biochem. Jour., 41, 1: 39-41. 1947. 

“A method for determining iron in biological materials with a high P: Pe 
ration is described. It is applicable over the range 0.5-10 ftg. Fe/ml. All 
analytical manipulations, except the final centrifuging before colour read¬ 
ing, are performed in the crucible in which the sample has been ashed 
Blanks are therefore kept at a minimum. 

“The method has proved satisfactory with protein hydrolysates and 
cows’ milk and may be suitable for other materials where phosphate inter¬ 
ference is met.” 

A value of 4.7 /xg. Fe/10 ml. is reported for raw milk. Twelve references 
are given. A.O.C. 

178. Constant Pressure Oxygen Absorption Fat Stability Test. G. Gil- 

mont, H. S. Levenson, and L. W. Elder. General Foods Corp., 

Hoboken, N. J. Oil and Soap, 23, 8: 248. Aug., 1946. 

Details are given for the equipment and operation of the General Foods 
Method of determining fat stability. The method, essentially a modification 
of the Barcroft-Warburg procedure of Johnson and Frey, differs from the 
latter method in two respects*, (a) The oxygen is absorbed under constant 
pressure and can be recorded volumetrically on a macro scale, (b) The 
induction periods can be evaluated graphically from the direct plot of the 
experimental data without further calculation. With a 2-ml. sample the 
induction periods were reproducible with a precision of 1 to 2% in most 
cases or a maximum variation of 5% in the most unfavorable cases. 

J.L.H. 
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179. Interfacial Tension of Oil-Water Systems Containing Technical 

Mono- and Diglycerides. R. O. Fence, So. Regional Res. Lab., 
New Orleans, La. Jour. Amer. Oil Chemists Soc., 24, 2:49. 1947. 

Technical mono- and diglycerides have wide industrial use as oil-soluble 
emulsifying agents in the manufacture of superglycerinated shortenings and 
margarine. Commercially available products are composed of mixtures of 
mono-, di-, and triglycerides. Known mixtures of mono-, di-, and tri¬ 
glycerides have been studied but little with respect to their power of lower¬ 
ing the interfacial tension at vegetable oil-water interfaces. Technical 
mono- and diglycerides were prepared for study. When both mono- and 
diglycerides are present in the oil phase, the interfacial tension is substan¬ 
tially a function of the monoglyceride content. A constant weight of a 
given monoglyceride preparation had practically an equal effect in lowering 
the interfacial tensions against water for peanut, cottonseed, and soybean 
oils. A concentration of 1% of monoglyceride in the oil phase was found 
to lower the interfacial tension at the oil-water interface by approximately 
one-half, and 6% lowered the interfacial tension to practically zero. 

J.L.H. 

FEEDS AND FEEDING 

180. Effect of Dehydration on Enzymic Destruction of Carotene in 

Alfalfa. H. L. Mitchell and H. H. King, Dept, of Chem., Kansas 
State College, Manhattan, Kans. Jour. Biol. Chem., 166: 477-480. 
1946. 

As alfalfa cures in the field the enzyme lipoxidase is responsible for the de¬ 
struction of a considerable part of the carotene. Peroxidase, another oxida¬ 
tive enzyme present in alfalfa, is inactivated by blanching prior to dehydra¬ 
tion (mechanical drying). By blanching and dehydration both enzymes are 
inactivated gnd neither is regenerated during storage of alfalfa meal for 2 
months. 

“ Blanching of alfalfa prior to dehydration did not increase the retention 
of carotene during storage. Carotene destruction during storage does not 
appear to be enzymic in nature.” * A.O.C. 

FOOD VALUE OF DAIRY PRODUCTS 

181. The Effect of Fat on the Absorption and Utilization of Galactose by 

the Rat. Maiue L. Nieft and H. J. Deuel, Jr., Dept, of Biochem. 
and Nutr., Univ. of Southern California, School of Medicine, Los 
Angeles, Calif. Jour. Biol. Chem., 167: 521-5251 1947. 

The present work confirms, to a large degree, that reported by Geyer 
ef al. (See Abs. 358, Jour. Dairy Sci., 29, 10: A164. 1946.) The investi- 
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gators conclude: “The percentage of ingested galactose which is excreted in 
the urine varies inversely with the percentage of fat in the diet.” 

“The fat effect appears to be independent of the type of fat at a 20 per 
cent level, since butter fat, corn oil, and cottonseed oil give essentially the 
same results. However, if the fat level is cut to 10 per cent, cotton-seed oil 
gives significantly lower urinary excretion values than either butter fat or 
corn oil.” A.O.C. 


ICE CREAM 

182. Shrinkage in Ice Cream. C. D. Daiile, D. J. Hankinson, and J. A. 

Meiker, Jr. Ice Cream Rev., HO , 6: 41. Jan., 1947. 

The least amount of shrinkage was observed with ice cream stored in 
glass containers, followed in order by metal, paper paraffined inside and out¬ 
side, paper paraffined on the inside only, paper paraffined on the outside 
only, and untreated paper. Shrinkage was greatly reduced when a cabinet 
temperature of i 5° F. was used as compared with + 10° F., irrespective of 
the type of container used. No shrinkage was observed in ice cream samples 
stored at -15 to - 20° F. Substitution of 30% of the cane sugar on a dry 
weight basis with sweetose, cerelose, Frodex, or honey increased the amount 
of shrinkage in the order named. When corn sirup was substituted for 30'/< 
of the cane sugar, less shrinkage was observed than when cane sugar alone 
was used. Pasteurization of the mix at 160° F. for 20 min. or 160° F. for 
45 min. resulted in slightly less shrinkage than when pasteurization tempera¬ 
tures of 145° or 175° F. were used. Wet (incompletely frozen) ice cream 
was found to shrink more than that frozen enough to yield a dry appearing 
ice cream when drawn from the freezer. High homogenization pressures 
were found to increase shrinkage, with little or no relationship being ob¬ 
served between the homogenization pressures used and the dryness of the 
ice cream at the freezer. 

FVwr different stabilizers showed little difference in the amount of shrink¬ 
age. Certain emulsifiers and egg yolk increased the dryness of the ice cream 
and increased shrinkage somewhat. No relationship was observed between 
the source of gelatin nor its Bloom strength and shrinkage. The use of 
superheated condensed milk resulted in less shrinkage in ice cream than 
when plain condensed milk was used. Butrerfat from different sources gave 
variable and inconsistent results as related to shrinkage. The mix acidity 
and protein stability could not be correlated definitely with shrinkage. The 
addition of sodium salts to ice cream mix had little or no effect on the amount 
of shrinkage observed. The addition of calcium salts did accentuate shrink¬ 
age slightly. Presence of 0.4% free fatty acids in the mix increased mark¬ 
edly the amount of shrinkage observed in the ice cream. The use of dry 
ice was found to accentuate shrinkage, particularly with ice cream frozen in 
a continuous freezer. ^ 
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183. Manufacture of Powdered Ice Cream Mix. Harry Pyenson. Ice 

Cream Rev., 30, 8: 54. 1947. 

The composition, advantages, markets, and results of experimental 
studies dealing with the manufacture, storage, and use of powdered ice 
cream mix are discussed. Stabilizers of vegetable origin gave more satis¬ 
factory results than those of hnimal origin, and improved the whipping 
properties of the mix when used in conjunction with an emulsifying agent, 
such as glycerol monostearate S. Addition of all of the sugar to the mix 
prior to condensing resulted in a caramel flavor, reduced the capacity of 
the drying equipment, and interfered with the drying process. The addi¬ 
tion of only 25% of the sugar prior to condensing is recommended. High 
quality dairy products processed in stainless steel equipment, high pre-heat¬ 
ing temperatures, presence of antioxidants and low moisture content (be¬ 
low 1.5%) were essential to the production of powdered ice cream mix of 
good keeping quality. Such a product showed very little change in flavor 
for 8 to 12 months or longer. 

A suggested procedure for the production of powdered ice cream mix 
is as follows: (1) Combine fluid milk and cream to give the desired ratio 
of fat to solids-not-fat, condense, and add 25% of the sugar and stabilizer, 
or add the sugar and stabilizer to the milk and cream prior to condensing. 
(2) Preheat to not less than 170° F. for 20 min., 180° F. for 10 min., or 
190° F. for 5 min. (3) Condense to 30-36% solids, depending on whether 
stabilizer is added before or after condensing. (4) Homogenize the con¬ 
densed mix at 150° F., using a pressure of 2,500 lbs. for the first stage and 
500 lbs. for the second stage. (5) Preheat the homogenized mix to 150° F. 
before spray drying. (6) Spray-dry the mix to yield a product to contain 
not over 1.5% moisture. (7) Cool the powdered mix immediately. This 
will minimize cooked flavor and retard the development of stale flavor. (8) 
Add the remainder of the sugar. (9) Gas pack the powder in tins. 

Powdered mix usually analyzes: Butterfat, 27-30% ; M.S.N.F., 27-28% ; 
sugar, 39.5-44%; stabilizer, 0.6-1.0%; and unspecified material, 2.75%. 
The powder may be reconstituted by adding it to cold water in the freezer 
and freezing immediately, but better quality ice cream resulted when the 
reconstituted mix was allowed to age for 24 hr. prior to freezing. W.J.C. 

184. Improving Package Ice Cream. J. H. Eeb. Ice Cream Rev., 30, 8: 

44. March, 1947. 

The challenge confronting the ice cream industry is to produce in fac¬ 
tory-filled packages the same desirable characteristics the consumer asso¬ 
ciates with hand-dipped ice cream. Key factors in attaining this objective 
are: (1) Total solids content of the mix should be between 38.5-40%. (2) 

Use of high quality raw ingredients. (3) Thorough homogenization. (4) 
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Aging of mix for not less than 5 hr., irrespective of the stabilizer used. 
(5) Maintaining proper weight in all packaged ice cream. (6) Adoption 
of overrun standards well below those used for bulk ice cream. Freezers 
in battery operation should be checked to see that ice cream of the proper 
overrun is being delivered by each freezer. (7) Freezing the ice cream to 
a stiff dry consistency at the freezer and avoiding the use of long, small 
diameter lines in conducting the ice cream from the freezer to the filler head. 

(8) Hardening time not to exceed 6 to 8 hr. W.J.C. 

185. “Sanitary Spoon Rest.” Anonymous. Ice Cream Rev., 30, 8: 43. 

March, 1947. 

Sales resistance to tall fountain drinks on the part of the customers who 
do not like to put wet spoons on the counter when not in use may be over¬ 
come through the use of an ingenious paper spoon holder known as “Sani¬ 
tary Spoon Rest”. This device, manufactured and introduced in the Los 
Angeles area by Coast Curries Ice Cream Co., helps keep the counters clean, 
prevents sloppy serving of the spoon, and also is an effective medium for 
advertising. W. J. C. 

186. Lower Costs in the Ice Cream Industry. Carl H. Zanzow, Jr. IcJe 

Cream Rev., 30, 8: 48. March, 1947. 

The objective of every ice cream plant to increase productivity and, 
simultaneously, reduce costs can best be achieved by the establishment of 
a complete production and engineering department, responsible only to top 
management. Functions of such a department are: supervisory training, 
plant layout and process improvement, work simplification and methods im¬ 
provement, work measurement, employee training, planning and scheduling 
of operations, job evaluation, establishment of sound wage incentives, and 
cost control. A common understanding of the entire program is essential 
by all levels of management, the employees and their union, and can be 
achieved best by a series of group-participating conferences. 

Results to be expected from a properly functioning production engineer¬ 
ing program arc: (1) proper plant layout and process flow, (2) simplified 
and standardized working methods, (3) establishment of fair and equitable 
work standards, (4) establishment of a fair and equitable base wage rate 
structure built upon a sound job evaluation procedure, (5) improved pro¬ 
duction scheduling throughout the plant, (6) increased employee earnings 
through the use of wage incentives, (7) reduction in unit costs by a greater 
output per man hour, (8) the control and elimination of material waste, 

(9) decreased labor turnover, (10) the establishment of standard costs, and 

(11) effective cost control reports to measure progress and point out weak¬ 
nesses that can be remedied. W.J.C. 
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187. Trends in Ice Cream Merchandising. R. A. Perry. Ice Cream Rev., 

30, 8:45. March, 1947. 

A program designed to surround ice cream with an atmosphere which will 
intensify its appeal and remove any barriers which might serve as obstacles 
to consumer acceptance must start with the manufacturer and carry through 
to the ultimate consumer. 

The manufacturer has the responsibility of seeing that a uniformly high 
quality product, attractively packaged, is supplied at all times. The plant 
and delivery equipment must meet the most exacting demands of sanitation, 
orderliness, and attractiveness. The iee cream manufacturer must realize 
that he must follow his product through to the ultimate consumer. This 
involves closer cooperation between supplier and dealer. Sanitation at the 
point of sale is stressed as the phase of activity most deserving of immediate 
attention. The appearance of the store, its personnel, odors, cleanliness of 
the counter, seats, glasses, silverware, etc., all are factors which influence 
customer satisfaction. 

Education of the dealer through actual visual demonstrations is presented 
as the most effective means of dealer education on the part of the ice cream 
manufacturer. Eleven concrete suggestions for making the dealer into an 
effective merchandiser for iee cream are presented. W.J.C. 

188. Selling Ice Cream through Vending Machines. E. Thom. Ice Cream 

Rev., 30, 7: 41. Feb., 1947. 

The use of vending machines for the distribution of ice cream opens up 
a new and virtually untouched market. Experience gained since 1940 by 
Miller Bros, in New York City should prove extremely helpful to any ice 
cream company contemplating entering this field. 

The operation of vending machines demands the full-time attention of a 
separate department or a separate company. It cannot be handled success¬ 
fully as a part-time job on the part of some individual within the organiza¬ 
tion. The ice cream served must be of unvarying high quality which will 
merit repeat sales, and flavors should be confined primarily to vanilla and 
chocolate. The nickel ice cream cup is the item which probably*can be sold 
most successfully through vending machines, although the possible vending 
of ten-cent cups and other novelty items is being tried out in a limited way. 
Vending machines with a capacity of not less than 200 cups should be in¬ 
stalled and these must be kept supplied with ice cream at all times. Service 
men should be paid in part on a commission basis to increase their interest 
in keeping the machines filled and in operating order. They should not be 
expected to make repairs on machines except for minor adjustments requir¬ 
ing 10 min. or less. Vending machines should be located with firms pri¬ 
marily interested in providing a service for their employees rather than with 
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firms interested in the commission which may be received as rental for the 
space and electricity provided. This method of distributing ice cream has 
the advantage of being a strictly cash business and serves to bolster sales 
during the winter months. W.J.C. 

189. The Need for Cooperation. C. J. Palmer. Ice Cream Rev., 30, 7: 

48. Feb., 1947. 

Cooperation between manufacturers of ice cream and of soda fountain 
equipment can do much to make soda fountain operators appreciate more 
fully the importance of good equipment and the importance of providing 
outstanding service to their customers. Such cooperation will result in in¬ 
creased sales of both ice cream and soda fountain equipment, thereby work¬ 
ing to the mutual advantage of both groups. The two groups should co¬ 
operate to the end that: (1) Soda fountain operation will be above any pos¬ 
sible criticism from a sanitary standpoint. (2) Proper facilities will be pro¬ 
vided for the cleaning and sterilization of all multi-use utensils. (3) The 
possibilities of expanded food service at the fountain will be brought to the 
attention of the operators. (Surveys have shown that offering both food 
and fountain service will residt in greatly increased ice cream and fountain 
sales as well as a more profitable over-all operation.) (4) Fountain drinks 
of superior quality will be served as a result of use of proper equipment and 
education of the operator in the essential steps of correct carbonation. 

W.J.C. 

190. The Importance of Ice Cream in the Dairy Industry. R. C. Smellie. 

Canad. Dairy and Ice Cream Jour.. 26, 3: 37. March, 1947. 

The value of ice cream can be illustrated best by its continued manufac¬ 
ture during the war and at a volume in excess of the 1939 production. An 
increase in population and a decline in cow and heifer population are making 
less milk available for ice cream in Canada today. The dairy producers 
have to be convinced that all the milk they produce will have a profitable 
outlet. Ice cream is officially recognized as a food in Canada and more pub¬ 
licity will be given to it when more ice cream is available. II.P. 

MILK 

191. Milk Production Trends in the U.S.A. and Possible Competition 

from Canada. T. M. Adams. Canad. Dairy and Ice Cream Jour., 
. 26, 3: 59. March, 1947. 

The sound position of dairying in the northeastern region of U.S.A. lies 
in the adaptability of the area to the economical production of an abundant 
supply of high quality roughage and pasture and its nearness to large popu¬ 
lations of consumers of fluid milk. Cost of transportation and the quality 
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factors associated 'with the movement of milk over long distances have made 
for an economic barrier excluding midwestern fluid milk from New England 
markets. Competition from Canada may increase if the barriers which 
limit milk imports are removed or lowered. H.P. 

192. Operation of Six-Day-Week Milk Delivery. A. Giganac. Canad. 

Dairy and Ice Cream Jour., 26, 3 : 66. March, 1947. 

Windsor, Ontario, has successfully operated on a 6-day-week milk 
delivery for the past 4 years. Milk is not delivered on Sunday or on a 
holiday that occurs on Wednesday or Thursday. The management, em¬ 
ployees, and the public find 6-day delivery more economical and more, 
pleasant, and it simplifies delivery operations. Six-day delivery and plant 
work are not difficult providing good storage facilities and excellent facili¬ 
ties for raw milk are available. H.P. 

MISCELLANEOUS 

193. Pasteurization by Ultra-Violet Rays. E. Capstick, H. Hall, and 

P. K. Neave. Milk Indus., 27: 8. Feb., 1947. 

The German Prof. Lembke and Dr. Bayha have developed a process for 
pasteurization by ultra-violet rays. The optimum wave length for a bac¬ 
tericidal effect is 2537 A. The effective penetration is restricted to approxi¬ 
mately 1 mm. A sheet metal cabinet houses 28 quartz-tube mercury vapor 
lamps. Milk flows through quartz tubes on a three-pass system to form a 
continuous path 328 feet long. The milk in each bank of 50 tubes is irradi¬ 
ated by 12 mercury vapor lamps. Air temperature in the cabinet is main¬ 
tained at 20-30° C. The unit was designed to operate at 1,200 1. per hour 
(260 gallons) but operates at the present time at about 140 gallons per hour. 
The equipment is easily cleaned by circulating cold water, followed by a 
warm alkaline detergent solution, then water acidified slightly with HC1, 
and finally clear cold water. The bacteriological tests made show that an 
exposure for 1.75 min. with the milk at 30° C. gave better results than milk 
held for 30 min. at 63° C. With poor quality milk coliform organisms sur¬ 
vived in the irradiated milk. Many more investigations have to be made to 
determine the proper amount of radiation, temperature of milk and lamps, 
turbulence, the importance of such factors as aeration and deaeration of the 
milk, and the effect of the process upon flavor, keeping quality, pathogens, 
and vitamin A. H.P. 

194. Safeguarding Your Water Supply. N. P. Nupson, Pennsylvania Salt 

Mfg. Co., Philadelphia, Pa. Natl. Butter and Cheese Jour., 38, 3: 

42. March, 1947. 

Bacterial contamination of the water supply may constitute a problem 
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of health or quality control or both, depending upon the types of organisms 
present. Get rid of improperly constructed wells, keep water supply tanks 
clean, and eliminate dead-end piping. If contamination exists, then the 
water coming in contact with the food can be pasteurized, the well itself 
may be chlorinated, the water supply tank can be chlorinated (usually 5 to 
10 p.p.m. is adequate dosage), or a device can be used to inject hypochlorite 
solution continuously into the water line. W.V.P. 

195. Saving and Disposal of Creamery Waste. O. W. Sandborg, Armour 

& Co., and A. J. Steffen, Wilson & Co., Chicago, Ill. Natl. Butter 
and Cheese Jour., 38, 2: 34. Feb., 1947. 

Improper disposal of dairy wastes can cause justified complaints and law 
suits. Dairy wastes are caused by inefficient equipment, methods, or opera¬ 
tions. They may consist of buttermilk, skim milk, other by-products, rins¬ 
ings, and wash water. The wastes can be reduced by using drippings from 
emptied cans for animal feed, using automatic controls where'milk may 
overflow, preventing leaks, educating personnel to avoid spilling and splash¬ 
ing of products, and using all by-products. The system of waste disposal 
to be employed can be determined only by careful study of waste flow, waste 
concentration, proximity to a flowing stream, and relation to city sewage 
disposal. Frequent waste sampling and testing plus the determination of 
the causes of excessive losses are essential for loss reduction. W'.V.P. 

196. Booster Compressors. Bernard Savey. Ice Cream Rev., 30, 8: 52. 

March, 1947. 

Booster compressors are suggested as the solution in adapting present 
ice cream refrigeration systems to fit the needs of the modern ice cream 
factory. Boosters are described as compressors which pump the gas from 
freezers, hardening rooms, and other low temperature rooms through water 
cooled and gas cooled coolers into the conventional or second stage compres¬ 
sors, which, in turn, compress and discharge the gas into condensers. 

Advantages claimed for such a system are lower initial cost, mainte¬ 
nance of constant low temperatures unaffected by other plant loads, lower 
operating cost due to precooling of liquid and intercooling of low pressure 
gases, and less ammonia condenser cooling water required due to less total 
heat to be removed from the high pressure gas. 

Although conventional type compressors may be used as boosters, boost¬ 
ers designed for this purpose are more economical. They are lighter in 
weight and have less bearing surface between the pistons and cylinder to 
contribute to friction losses. W.J.C. 
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197. Refrigerating Oil Carryover at High Temperatures. J. M. Lebeaux, 

and Luis H. Bartlett, Univ. of Texas. Refrig. Eugin., 53, 3: 203- 

207. March, 1947. 

Experimental results on oil carryover were obtained for 15 oil samples 
by means of a specially designed test flask. It was proved conclusively that 
refrigeration oils vaporize at the discharge temperatures of the compressor. 
The amount of oil carryover increased considerably with an increase in 
temperature, the pressure being held approximately constant. The greatest 
carryover occurred with most of the lighter oils. However, the heavier oils 
with lower carryover are unsuited to small high-speed installations. On 
the other hand, if the oil can be excluded from the evaporator, the pour test 
is a matter of little consequence. The oil also should have either a negli¬ 
gible solubility or complete solubility in the refrigerant. The most suitable 
refrigerating lubricants are petroleum oils of paraffinic and napthenic 
types; the latter, due to their inherent freedom from wax and resultant low 
pour test, .are in general use .throughout the refrigerating industry. The 
napthenic oils are mandatory where sulfur dioxide is used as a refrigerant 
but are equally satisfactory with the other common refrigerants. Heavier 
oils are called for in large machines for the heavier duty requirements or 
for refrigerants that have a high miscibility or mutual solubility with oil. 
Rotary type compressors require heavier oils than reciprocating or piston 
type. 

The precise selection of the best lubricating oil will depend upon the 
design, capacity, operating conditions, and the type of the refrigerant 
used, and should be governed also by the vapor pressure of the oil to insure 
a minimum carryover and hence a maximum efficiency of the system. 

L.M.D. 

198. Air Blast Quick Freezing. Regis Gubser, California Consumers 

Corp. Refrig. Engin., 53, 1: 23. Jan., 1947. 

The essential features of air blast freezing systems are presented briefly. 
Air movement at the rate of 1500 c.f.m. per ton of refrigeration application 
is required. The maximum performance of a freezing tunnel is obtained 
when the air passages are kept small around the product and* around the 
coil surface. The higher the velocity the greater the K factor. In no case 
should the velocity be less than 500 ft./min., and it should be as much above 
this rate as will be permitted by the friction loss and the static pressure 
developed by the fan. L.M.D. 

199. Frozen Cooked Foods. Faith Fenton, State College of Home Eco¬ 

nomics and School of Nutrition, Cornell University. Refrig. Engin., 

53,2: 107-111. Feb., 1947. 

Details of carefully controlled laboratory procedures for freezing certain 
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foods, including custard-base ice creams, are reported. Results favored the 
freezing of raw yeast rolls and unbaked pies and their subsequent baking 
after removal from freezer storage. Rolls made with milk scored higher in 
flavor and moisture than did those made with water. Ice creams frozen in 
a hand freezer and hardened in the various parts of the freezer cabinet 
were superior in smoothness. Ice cream frozen in the ice cube compart¬ 
ment, which ranged from 13 to 15° F., was smoother than that frozen in 
the freezer compartment, -20° F., or in the storage space, -5° F., the 
latter producing the coarser ice crystallization. The quicker freezing in 
the ice cube section, with the bottom of the tray containing the ice cream 
being in direct contact with the freezing plate, indicated that the rate of 
freezing was more important than the environmental temperature, even 
with forced convection in the freezer compartment. Ice creams developing 
coarse ice crystallization while freezing became increasingly coarse with 
prolonged storage. L.M.D. 

200. A Qualitative Method for Detecting Surface Active Agents. L. F. 

Hoyt, National Aniline Div., Allred Chemical and Dye Corp., 

Buffalo, N. Y. Jour. Amer. Oil Chemists Soe., 24, 2 : 54. Feb., 

1947. 

A new method, consisting of the solubilizing of a Brilliant Oil Blue 
B.M.A. solution to produce a blue solution, is described for the qualitative 
detection of small amounts of surface active agents. The method is appli¬ 
cable to all types of surface active agents (i.e., anionic, cationic, and non¬ 
ionic) and to dry, liquid, or paste surfaces. Fifty agents have been tested. 

J.L.H. 

201. World Food Outlook and the Dairy Industry. Gove Hambidge, 

Canad. Dairy and Ice Cream Jour., 26, 3: 25. March, 1947. 

The work of the Food and Agricultural Organization of the United 
Nations is solving the widespread food shortage on a health standard for 
all people. The article discusses the dangers of over-production, the world 
food board, the Bruce commission to study proposals and make recommen¬ 
dations to the Food and Agricultural Organization, the high increase in 
production, and markets in backward lands. H.P. 

202. Public Relations. J. W. Lawrence. Canad. Dairy and Ice Cream 

Jour., 26, 3: 33-36. March, 1947. 

Public relations begin at home, and your own staff must be sold on the 
company before you can sell the public on it. The employees are partners 
as well as consumers in the industry. The producers’ viewpoints must be 
recognized. Individuals and companies should work with their competitors 
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on the same major problems. The dairy, in general, works for the interests 
of the public, and consumer education should not be neglected. Profits and 
wages are the lubricant of industry. Publicity is only one of the tools of 
public relations. H.P. 

203. The Need for Apprentice Training in the Dairy Industry. W. H. 
Sproule. Canad. Dairy and Ice Cream Jour., 26, 2 : 28-30. Feb., 
1947. 

A well-formulated apprenticeship scheme can aid greatly in developing 
trained workers to provide leadership to the industry in the years to come. 

H.P. 
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ABSTRACTS OF LITERATURE 

BACTERIOLOGY 


204. Coliform Bacterial Contamination of Milk and Milk Products. R. P. 

Myers, Natl. Dairy Products Corp., Research Laboratories, Balti¬ 
more, Md. Milk Dealer, 36, 6: 150-153. March, 1947. 

The following sources of coliform contamination are discussed: (1) im¬ 
properly sterilized equipment; (2) contamination of equipment when assem¬ 
bling it after sterilization; (3) condensate dripping from pipes, valve 
handles, ceilings, vat covers, cooler covers, and ice cream freezers; (4) 
handling any piece of equipment which comes in contact with pasteurized 
dairy products; (5) air contamination; (6) contamination of pasteurized 
milk with improperly pasteurized milk’; (7) vacuum lines at the bottle 
fillers; (8) in the case of ice cream, the addition of contaminated colors, 
flavors, and fruits; (9) rubber gaskets and packing glands; (10) dead-end 
tees, connecting pipes between headers and vats, the upper part of horizontal 
lines, valves, and joints in pipelines; and (11) seepage through plug caps 
from contaminated water. 

Coliform bacteria grow surprisingly well at relatively low temperatures, 
i.e., 45 to 50° F., and therefore the coliform test is of greatest value only 
on freshly processed samples. The control of coliform contamination de¬ 
pends upon care and precision in carrying out the cleaning and sterilizing 
operations. C.J.B. 

205. A Survey of the Direct Microscopic Method of Examining Milk and 

Cream Samples in Approved and Registered Laboratories of 
Connecticut. R. Eglinton, State Dept, of Health, Hartford 1, 
Conn. Jour. Milk Technol., 10, 1: 27-29, 33. Jan.-Feb., 1947. 

A survey of the methods used in 14 approved and registered laboratories 
in Connecticut reveals a variation in the results obtained because the stand¬ 
ard procedure was not followed uniformly in the different laboratories. 
Some of the obvious irregularities in connection with the use of the direct 
microscopic examination of the milk were: (1) Samples of milk were not 
collected in an approved manner; in some instances Babcock milk sampling 
dippers were used to collect the milk for bacteriological examination without 
any attempt to sterilize the sampling equipment. (2) Milk smears were 
examined by microscopes without a known factor. Microscopic findings may 
be used more effectively if a prompt follow-up of the laboratory examination 
is made by the field inspectors. H.H.W. 
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206. Ultraviolet in the Dairy Industry. A. J. Dusault, Westinghouse 

Electric Corp., Bloomfield, N. J. Milk Dealer, 36, 6 : 49, 100-102. 

March, 1947. 

The bacteria count in the barn, milk and cooling rooms can be reduced 
as much as 94% by irradiating the atmosphere with bactericidal ultraviolet. 
When applied locally to washed milk cans and bottles, the bacteria count 
may be cut 96%; when used to irradiate the milk flowing over a surface 
cooler, a reduction in bacteria of 50 to 90% results, depending on the thick¬ 
ness of milk film and rate of flow. Surface mold on cheese is prevented by 
irradiating the curing room, and taste and quality of ice cream are improved 
by processing and packaging in a sterile atmosphere. 

There is a definite place, if not an urgent need, for ultraviolet in the 
dairy industry. It performs a function entirely separate from existing sani¬ 
tary procedures in that it disinfects the air, which heretofore has not been 
possible by means of steam or chemicals. Therefore, the combination of 
bacteria-killing ultraviolet, plus good sanitation, will insure both the pro¬ 
ducer and consumer of the finest quality product obtainable. C. J.B. 

CHEESE 

207. Causes of Off-flavors in Cheese. J. M. Bain. Canad. Dairy and Ice 

Cream Jour., 26, 4: 60. April, 1947. 

Off-flavor has been the cause of 77% of the second grade cheese. The 
prevalent off-flavors are slight rancid, fruity, and not clean. Rancid flavors 
are most prevalent in the spring and fall, indicating that the milk supply 
(cows in early or late lactation) is responsible. Fruity flavor comes from 
unsatisfactory factory conditions such as improper pasteurization of whey, 
dirty pipe lines, and leaking vats. Other causes for fruity and unclean con¬ 
ditions are dirty milking machines, unclean utensils, improper washing of 
cans, and feed flavors. The cleanliness of Canadian cheese has improved 
markedly in the past 2 years. H.P. 

208. Canadian Research Develops New Cheese. .Anonymous. Canad. 

Dairy and Ice Cream Jour., 26, 4: 35. April, 1947. * 

“Blufort”, a combination of roquefort and Danish Blue cheese, has been 
developed in Canada. A new type of quick-acting Penicillium roqueforti is 
used under controlled conditions of temperature, humidity, and ventilation. 
The cheese is not ripened in caves but in carefully controlled rooms at a tem¬ 
perature of 42-48° F. and a humidity of 90%. The cheese is kept for several 
months to develop the proper mold growth and flavor. H.P. 

209. Extraneous and Other Matters.' A. L. Gibson. Canad. Dairy and 

Ice Cream Jour., 26, 4: 41. April, 1947. 

The detection of extraneous materials in cheese has led to improved 
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methods of manufacture, but still only 3.4% of cheese is designated as no. 1 
clean. The two main sources of extraneous matter in cheese are: (1) during 
the production of the milk on the farm and delivery to the factory, and (2) 
during the process of manufacturing the cheese. About 95% of the con¬ 
tamination is in the milk before delivery. The ultimate remedy lies in clean 
milk production coupled with perfection of manufacture. Straining milk 
should be looked upon as a final precaution to remove accidental contami¬ 
nation rather than a method of cleaning milk. H.P. 

210. The Influence of Acidity on the Development of Lipolytic Flavour 
Defects in Cheddar Cheese. I. Hlynka, E. Q. Hood, and C. A. 
Gibson, Dominion Dept, of Agr., Ottawa, Canada. Sci. Agr., 27, 
1:50-56. Jan., 1947. 

Earlier studies had shown that agitation of cheese milk produced rancid 
and unclean flavors in raw milk Cheddar cheese. The results secured when 
acidity was employed as an inhibitory agent are given, the results being 
assessed as flavor scores. Additions of hydrochloric acid as a means of 
acidification were only partially successful. Manufacturing methods in¬ 
volving the use of larger amounts of starter or longer periods of milk ripen¬ 
ing were beneficial. In comparative experiments where lipase activity was 
induced in both vats by homogenization, flavor scores were 1 to 1.5 points 
higher. The results are explained on the basis of lipase inhibition by con¬ 
tact with acid over a period of time, as well as by influence of acid which 
affects lipase action in such a way as to produce mainly non-volatile acids. 

O.R.I. 


CHEMISTRY 

211. Determination of the Titratable Acidity of Milk. E. H. Zilliox, 
D. J. Mitchell, and G. G. Frary, State Chemical Lab., Vermillion, 
S. Dak.- Assoc. Off. Agr. Chem. Jour., 30, 1: 130-134. 1947. 

Since lactic acid is practically absent from fresh milk, use of a dilution 
of the milk and an amount of indicator which would give the lowest apparent 
acidity seemed logical. An increase in the amount of phenolphthalein indi¬ 
cator (1% in 95% alcohol) from 0.5 ml. to 2.5 ml. decreased the pH of the 
solution at the end point from pH 8.25 to 8.02; larger amounts of indicator 
did not change the pH at the end point. The concentration of phenolphthalein 
indicator did not affect the end point in a water solution of pure lactic acid. 
When 2 ml. of phenolphthalein was used as indicator, the volume of alkali 
needed to reach the end point decreased -as dilution of the milk was increased; 
a sample of undiluted milk required 2.89 ml. of 0.1 N sodium hydroxide 
while the same milk diluted 1 + 10 required 1.75 ml. A 1 + 2 dilution of the 
milk- required about the same amount of alkali with either 2 ml. or 3 ml. of 
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indicator. When 2 ml. of indicator was used, a dilution of the milk greater 
than 1 + 2 did not affect the results significantly. The authors recommend 
that 17.6 ml. of milk be diluted with twice its volume of carbon dioxide-free 
water and titrated with 0.1 N sodium hydroxide to the first definite pink 
color, using as indicator 1 ml. of 2% phenolphthalein in neutral alcohol. 
A sample of milk having a titratable acidity of 0.135% by the present official 
method would show a titratable acidity of 0.110 by the method suggested. 

P.J.B. 

212. Contribution a l’&tude de la Methode Kohler pour la Dosage de la 

Matiere Grasse des Cremes (Contribution to the Study of the 
Kohler Method for Determining Pat Content of Cream). C. Hurel 
and G. Macquot. Le Lait, 26, 259-260: 289-301. Oct.-Dec., 1946. 

Details are given of the methods used in determining the composition and 
properties of the. material separated as fat in butyrometer tubes when cream 
is tested by the Kohler (similar to Gerber) test. Results indicate that this 
material is 0.9 to 1% amyl alcohol, 0.7 to 0.8% sulfuric acid, and 98.2 to 
98.3% fat. The actual density of the material by pycnometer was between 
0.8838 and 0.8860. The degree of extraction of the method was found to be 
99%. O.R.I. 

213. Determination of Copper in Foods by a Two-color Dithizone 

Method. C. A. Greenleaf, Natl. Canners Assoc., Washington, 
D. C. Assoc. Off. Agr. Chcm. Jour., 30, 1: 144-152. 1947. 

An all-dithizone two-color micro method for copper is proposed. Dis¬ 
tinguishing features of the test are the use of variable strengths of dithizone 
in proportion to the amount of copper in the final determination and the use 
of permanent calibration based on a method of optical density at two wave 
lengths. Preliminary results indicate that the method is free from inter¬ 
ferences by other metals and that it gives good accuracy and precision. 

P.J.B. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

214. Dried Milk Powder. VII. The Effect of Season of Production on 

Keeping Quality. J. A. Pearce and W. A. Bryce, Natl. Research 
Laboratories, Ottawa, Canada. Jour. Res., 25, F., 1:13-17. Jan., 
1947. 

Palatability scores on skim milk powders produced in early December 
were higher than on similar powders produced in late May. Powders from 
milk produced in the fall decreased in quality when stored for 16 weeks at 
temperatures of 80,100, and 120° P. Skim milk powders produced during 
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spring improved throughout storage at 80° F., while those stored at 100 and 
120° F. first increased and then decreased in quality. Powders of 26 and 
28% butterfat produced in fall or in the spring had equal initial palatability 
scores and, when stored, deteriorated equally. Fall powders with 30% 
butterfat had higher initial scores but also deteriorated. Powders were 
packed in tin-plate containers with air as the headspace gas. The results 
are discussed in the light of seasonal changes in milk composition. O.R.I. 

FEEDS AND FEEDING 

215. Pasture Management for the Prevention of Onion Flavor in Milk. 

C. E. Wylie and S. A. Hinton, Dairy Dept., Univ. of Tennessee, 
Knoxville. Tenn. Agr. Ext. Service Leaflet 89, 4 pp. 1947. 

Various methods of controlling onion flavor in milk are discussed. The 
practice of removing cows from onion pasture 3 or 4 hr. before milking not 
always is effective. In early spring the contaminated pasture first may be 
grazed by dry cows and heifers until there is no new growth of onion tops. 
A period of IQ-14 days should intervene to permit the pasture to get started 
again. Clipping onion tops with a mowing machine after new growth stops 
has proved successful in preventing onion flavor in late spring but is not 
satisfactory once the onions start growing again. Dried onion tops or cured 
hay containing tops produced no undesirable flavors. Eradication, where 
possible, is more desirable than any other means of control. F.E.N. 

FOOD VALUE OF DAIRY PRODUCTS 

216. Feeding of Premature Infants—A Comparison of Human and Cow’s 

Milk. H. H. Gordon, Denver, and S. Z. Levine and Helen Mc¬ 
Namara, New York, New York Hosp. and Dept, of Ped., Cornell 
Univ. Medical College, N. Y. C. Amer. Jour. Dis. Children, 73, 4: 
442. April, 1947. 

Studies of weight gains of premature infants from the 7th to the 28th 
day of life indicated that cow’s milk mixtures are better suited than human 
milk to the peculiar needs of small premature infants. The superiority of 
cow’s milk was thought due to its higher protein content. 

Average gains in weight for the 122 infants studied were 12.5 g. per kg. 
per day for those fed human milk, 14.1 g. for those fed an evaporated milk 
mixture, and 15.7 g. for the infants fed half-skimmed milk. When the in¬ 
fants were divided into two groups according to whether they were above 
or below the mean birth weight of 1621 g. (3 lb., 9 oz.), the chief differences 
in weight gains were found in the smaller prematures. For those infants 
with birth weights above 3 lb. 9 oz., the differences in weight gains on the 
three types of milk were not statistically significant. However, in the small 
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prematures, the differences between human milk and the cow’s milk mixtures 
were more pronounced. Mean gains in weight per kilogram per day were 
11.7 g. for the small prematures fed human milk, 14.9 g. for those fed evapo¬ 
rated milk mixtures, and 17.3 g. for those fed half-skimmed milk. M.B. 

217. Availability of Vitamins in Foods and Food Products. III. Ribo¬ 
flavin Balances with Liquid Milk, Dried Skimmed Milk, and 
Evaporated Milk and the Influence of Succinyl Sulfathiazole on 
Such Balances. B. Sure, Dept, of Agr. Chem., Univ. of Arkansas, 
Fayetteville. Arch, of B'iochem., 12, 3 : 389. 1947. 

Riboflavin balance studies on rats fed liquid cow’s milk, dried skimmed 
milk, and evaporated milk indicated a good utilization of riboflavin from all 
these sources. Larger fecal excretions of riboflavin in rats which obtained 
their riboflavin from milk as compared to rats which received the pure vita¬ 
min were attributed to intestinal synthesis of the vitamin in rats on the milk 
diet. Upon the introduction of 2% succinyl sulfathiazole in the diet of the 
rats, a marked decrease in fecal riboflavin was noted. 

The rats which received their riboflavin in milk also excreted more ribo¬ 
flavin in the urine than those which received the pure vitamin. This was 
due to an elimination of excess vitamin, rather than poor utilization, because 
the rats receiving riboflavin in milk gained about twice as much weight as 
the others. Also, weanling rats whose stores of riboflavin had been depleted 
gained weight as well when given 250 mg. dried skimmed milk furnishing 
5 jig. of riboflavin daily as when given 5 fig. daily of the pure vitamin. 

M.B. 


HERD MANAGEMENT 

218. Managed Milking. I. E. Parkin, Pennsylvania State College. Milk 
Dealer, 36, 6: 68—70. March, 1947. 

Managed milking is defined as the common sense practice of controlling 
or managing the milking of the cow when you want to milk, rather than 
having the cow manage the milking when she wants to be milked. 

After discussing the milk manufacturing process, the author discusses 
the milking process. During the approximate time of 3 min. ih which most 
cows are milked, the three things that must be done are the preparation of 
the cow, the disposal of milk, and the machine stripping of the cow. 

C.J.B. 


ICE CREAM 

219. High Temperature Vacuum Processing of Ice Cream Mix. I. N. 
Hagen, I. N. Hagen Ice Cream Co., Uniontown, Pa. Ice Cream 
Rev., 30, 10 : 144. May, 1947. 

Six years commercial experience with the Vacreator has indicated that 
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vacreation will produce ice cream mix of superior -flavor and a mix with a 
lower viscosity than that processed in the conventional manner. The high 
temperature treatment under a partial vacuum has proved effective in re¬ 
moving undesirable feed and weed flavors and in eliminating oxidized flavors. 
The fine natural cream flavor is retained in the vacreated mix. Disad¬ 
vantages of using the Vacreator are: (1) additional investment in equip¬ 
ment, (2) greater steam requirements for operation of the Vacreator as 
compared to the conventional method of pasteurizing ice cream mix, (3) 
extra time involved in cleaning the equipment, and (4) the absence of accu¬ 
rate and constant temperature controls required by many state health 
authorities. W.J.C. 

220. Fast-Freezing Tunnels. H. Bitter, Wm. Neilson Ltd., Toronto, 
Canada. Ice Cream Trade Jour., 43, 3: 50. March, 1947. 

Ice cream packaged directly from the freezers must be hardened at a 
much faster pace to keep up with the freezers. A tunnel in which a tempera¬ 
ture of at least -40° F. is maintained and a blast of air is circulated over 
the package conveyor provides fast freezing. Tunnels are equipped with 
four 30-in. high-speed fans. The air is forced through the coil by the two 
front fans and through the tunnel and over the conveyor by the two back 
fans. This method takes 70 min. to harden the pint packages ready for 
shipment, at a capacity of 375 gallons per hour. The conveyor can be 
adjusted to travel the length of the 80-foot tunnel in from 3 to 4J hr. 

The low temperature tunnel has several disadvantages. At - 40° F. the 
oil in the bearings and transmission is very likely to solidify. If this hap¬ 
pens, the oil must be melted with blow torches. Oil and kerosene mixed in 
about equal parts is used, and even this mixture is not safe at - 50° F. With 
high velocity fans circulating the air in the tunnel, cold air is blown out the 
discharge port and warm air drawn into the intake. Even a small leak 
causes a loss in refrigeration and a formation of ice around the conveyor that 
soon builds up enough to interfere with its operation. A fan mounted inside 
the freezer, blowing against the air current trying to escape, can be adjusted 
so that no draft is present either at the intake or exit ports, and the forma¬ 
tion of frost inside the tunnel, with the resulting refrigeration loss, can be 
held to a minimum. 

While it is possible to use temperatures lower than -40° F., the added 
cost does not appear to be justified if the tunnel is long enough to harden at 
the capacity of the freezers. Products should be stored in individual pack¬ 
ages so there is no dead air insulating them. If Dixie cups are packed 12 in 
the box, very little hardening is accomplished in 1 hr.; if the lid of the box 
is left open, they will harden completely in 45 min. 

Defrosting is best accomplished by the use of hot gas in as short a time 
as possible. If it is done by allowing the temperature of the room to rise, 
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the change in temperature may cause the cork layer to separate and crack. 
Defrosting twice a year is ample. W.H.M. 

221. Ice Cream Shrinkage, Flavor, Color and Packaging. C. A. Iverson. 

Canad. Dairy and Ice Cream Jour., 26, 4: 31. April, 1947. 

Ice cream shrinkage can be minimized by: (1) using superheated con¬ 
densed milk; (2) using corn sirup instead of corn sugar; (3) avoiding 
enzyme improvers and sodium alginate; (4) reducing milk solids and sugar; 
(5) maintaining a higher draining temperature at the freezer; (6) con¬ 
trolling overrun and keeping overrun under 85%; (7) keeping ice cream 
at a uniformly low temperature; (8) avoiding melting at the surface; (9) 
using metal rather than paper containers; and (10) avoiding packing in dry 
ice and later allowing to warm up. The color of ice cream should harmonize 
with the flavor. Colors are perishable and can contaminate the mix if not 
made and kept properly. Off-colored ice cream may be produced by colors 
that act as indicators. Packaged ice cream should have uniform overrun 
not to exceed 75%, should be frozen quickly after filling, should be kept at 
a lower temperature than bulk ice cream, and should have a rapid turnover. 

H.P. 

222. Ice Cream Production Problems. C. A. Iverson, Iowa State College, 

Ames. Ice Cream Rev., 30, 9: 41. April, 1947. 

Flavor, a key factor in consumer acceptance of ice cream, can be im¬ 
proved through the use of better quality dairy products, better quality of 
added flavors, and by avoiding the development of off flavors. The use of 
the vacuum pan or Vacreator is suggested as a means of enhancing the effect 
of fine quality vanilla. Color of the correct shade and intensity will enhance 
the eye appeal of ice cream, whereas the use of too much color, variations in 
color, or the wrong shade of color for the flavor represented will detract from 
its appearance. 

Low overrun (not over 75%), uniformity of overrun, avoidance of 
partial melting, rapid turnover, and low cabinet storage temperature are 
important factors in the successful production and handling of packaged 
ice cream. Suggestions offered for the possible control of shrinkage include 
use of high quality milk products, use of superheated condensed milk, reduc¬ 
tion in the solids content of the mix, use of a higher drawing temperature, 
reduction in overrun, and elimination of the use of enzyme ice cream im¬ 
provers. W.J.C. 

223. The A & P Spotlights Ice Cream. V. M. Rabuffo. Ice Cream Trade 

Jour., 43, 2: 34. Feb., 1947. 

A & P is manufacturing ice cream at the evaporated milk plant at West 
Bend, Wis., and merchandising it through some of its super-markets in Mil- 
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waukee. The ice cream, sold under the brand name of “Holly Carter”, is 
reported to contain 14% fat and 41% total food solids, with an average over¬ 
run of about 45%. Pints retail for 35 cents, quarts for 70 cents, and half- 
gallons for $1.35. Vanilla, chocolate, and strawberry ice cream are packed 
in tray-pack, Philadelphia square, and round shaped containers in an 
attempt to determine consumer preference for package type. An attempt 
also is being made to determine the best location in the store for the dis¬ 
pensing cabinet. 

Window posters were used to announce the new ice cream, and trained 
demonstrators invited customers to sample the ice cream. The Jiffy bag and 
proper amount of dry ice are included in the purchase price, and the 
customer is instructed on how to handle the dry ice and when it should be 
removed from the bag. Polders describing the new ice cream and recipes 
for serving are distributed. During December sales were reported to be 
from 50 to 75 gallons per store, with most of the sales on Friday and Satur¬ 
day. * W.H.M. 

224. Food Store Opportunities for Ice Cream. V. M. Rabuffo. Ice Cream 

Trade Jour., 43 , 2: 36. Feb., 1947. 

The 350,000 retail grocery outlets in this country, both chains and inde¬ 
pendents, are potential handlers of ice cream. These stores are the logical 
channel in the distribution system for getting food into the home and could 
increase the volume of sales appreciably. Firms preferring not to sell to the 
chains and other food stores need to make present dealers into better mer¬ 
chandisers of ice cream. Present dealers may have to take a more realistic 
mark-up on ice cream if they are to compete with the food stores. Some two 
million new household refrigerators were built in 1946 and about four million 
will be built this year. All of these new refrigerators will have low tempera¬ 
ture storage compartments for ice cream and frozen food. Also, thousands 
of home freezers will be available for storing ice cream. W.H.M. 

225. The Future of Packages. V. M. Rabuffo. Ice Cream Trade Jour., 

43, 3:46. March, 1947. 

Factors which will make possible a greatly expanded sale of ice cream in 
factory-filled packages are: (1) the introduction of packaged ice cream into 
the nation’s food and grocery stores; (2) the new household refrigerator 
with its low temperature storage compartment providing a place for keeping 
ice cream in packaged form in the home; (3) the additional facilities for 
storing ice cream, provided by home and farm freezers, making ice cream 
available for every-day consumption by even the farm group; (4) the intro¬ 
duction of new equipment for the completely automatic packaging of ice 
cream, which will mean faster production and a lowering in production 
costs; (5) the introduction of larger package units such as the half-gallon 
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and the gallon containers for home use; (6) the results of the widespread 
research on new types of packaging, packaging materials, new designs, etc., 
in connection with ice cream packages; (7) the relationship of ice cream with 
frozen foods in the home and at the dealer outlet, ice cream being the first 
frozen food; and (8) lower overrun and other assets in dealer analysis of 
the future market for packaged ice cream. 

Other factors Influencing the future of ice cream packaging are the tying 
in of ice cream with milk deliveries to the home, and the sale of ice cream by 
department stores who have set up frozen foods departments, by frozen food 
distributors to retail grocery stores, and by house-to-house sales organiza¬ 
tions in the bakery, meat, and frozen food trades. W.H.M. 

226. Gallonage at Peak. Anonymous. Ice Cream Trade Jour., 43, 2: 42. 

Feb., 1947. 

According to official estimates made by the U. S. Department of Agricul¬ 
ture, the 1946 gallonage of ice cream hit the unprecedented total of 740,- 
470,000 gallons, an increase of 55.9% over the 1945 volume. December pro¬ 
duction was about 80% above the 1940 to 1944 average. W.H.M. 

MILK 

227. Increasing Homogenizer Capacity in the Processing of Homogen¬ 

ized Bottled Milk. F. J. Doan, Pennsylvania Agr. Expt. Sta., 

State College. Milk Dealer, 36, 7: 47, 48, 94^96. April, 1947. 

A method of increasing homogenizer capacity is discussed. A highly 
satisfactory homogenized milk can be produced by first separating the fluid 
milk and homogenizing only the cream portion, at a low fat concentration 
of about 10 to 12%. The processed cream then is recombined with the skim 
milk and the reconstituted milk finally pasteurized. .The use of cream with 
too high a fat content will result in clumps of the. small fat globules upon 
homogenization, and these in turn will contribute to instability of the fat 
emulsion of the final product. 

The method will increase enormously the capacity of homogenizing equip¬ 
ment and may, where the homogenizer is entirely too small, help*considerably 
in making the general plant operation more efficient. C. J.B. 

228. Safety Factors of H. T. S. T. Pasteurizers. C. W. Weber, New York 

State Dept, of Health, Albany, N. Y. Jour. Milk Technol., 10, 1: 
14-26. Jan.-Feb., 1947. 

A critical appraisal of high temperature pasteurization of milk revealed 
a wide variation in the temperature to which the milk was exposed. A tem¬ 
perature of 160° F. for several seconds often was considered effective in 
destroying the organisms in the milk. However, health officials believed 
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that safe milk could be produced if standards were adopted which specified 
that every portion of milk be heated to 160° F. or higher and held continu¬ 
ously for 15 seconds or longer. From the information now available, heat¬ 
ing milk to 160° F. and holding for 6 seconds or less is sufficient to destroy 
pathogenic organisms in a milk supply. A 15-second holding time assures 
a safety zone of 9 seconds or more. When the holding time is 16 seconds, 
the actual minimum holding time will seldom be less than 15 seconds. 

Raw milk may by-pass the pasteurizer through leakage of a defective 
milk-to-milk regenerator. However, this is not a serious defect if the pas¬ 
teurizer is properly designed and operated so that the raw milk always is 
under less pressure than the pressure on the pasteurized milk side of the re¬ 
generator. H.H.W. 

229. Quality Control of Milk in the Pasteurizing Plant. W. A. Joseph- 

son, Sheffield Farms Co., N. Y. C. Milk Dealer, 36, 6 : 60, 61. 

March, 1947. ' 

To insure a continuous high quality product, the following essentials, 
stated in the order of their importance, must be provided: (1) a sincere 
belief on the part of all members of management that quality always is the 
first consideration; (2) standard practices stated, preferably in manuals; 
(3) operating personnel completely familiar with the foregoing standard 
practices; and (4) laboratory facilities and personnel adequate to make 
necessary measurements of product and process quality to guide manage¬ 
ment in its quality ‘ ‘ control ’ ’ activity. C. J.B. 

230. Production et Controle Hygienique du Lait dans les ^tables Ur- 

baines et Suburbaines (Production and Sanitary Control of Milk 

in Urban and Suburban Stables). A. Louis. Le Lait, 26, 251- 

253: 1-16; 254-256: 125-142; 257-258 : 221. 1946. 

The production of milk of superior hygienic quality at points close to the 
consumer presents special problems because of year-round stabling, preven¬ 
tion of disease, etc. In an extensive review the author describes the follow¬ 
ing phases of milk production: proper stable and milk house construction, 
the maintenance of herd health with particular reference being given to 
tuberculosis and mastitis control, the health of dairy personnel, sanitary 
methods of milking, proper ingredients in the ration to maintain herd health, 
and grooming of the animals. O.R.I. 

231. What’s Ahead for the Fluid Milk Industry. J. 0. Eastlack, The 

Borden Co. Milk Dealer, 36, 6:130-134. March, 1947. 

Following a discussion of the production, consumption, and price changes 
of milk, the author predicts that: (1) the less-frequent delivery systems 
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adopted during the war are here to stay and 3-times-a-week delivery may 
come; (2) complete adoption of the square bottle during the next few years; 
(3) short-time high-temperature pasteurization will replace the holding 
method; (4) increased acceptance of homogenized milk; and (5) possibly 
all of the Northeast will look to the Midwest for its cream supply. C.J.B. 

232. Mid-Western or Canadian Milk for New England? T. M. Adams, 

Univ. of Vermont. Milk Dealer, 36, 7: 134-137. April, 1947. 

See Abs. 191, Jour. Dairy Sci., 30, 6: A85. June, 1947. 

233. Expanding Markets for Milk and Its Products. R. W. Bartlett, 

Univ. of Illinois, Urbana. Milk Dealer, 36, 7: 150-152. April, 
1947. 

Opportunity now exists for expanding markets for dairy products by 
lowering distribution costs, by developing new techniques for dispensing 
milk to consumers, and by getting people to use more dairy products by 
popularizing known facts about the energy-building and nutritive value of 
these products. Some factors pertinent to the problem are discussed. 

C.J.B. 

234. Trends of the Milk Industry. J. J. Snyder, Pennsylvania Milk Con¬ 

trol Commission. Milk Dealer, 36, 7: 163-155. April, 1947. 

A discussion of the trends of the milk industry is summarized as follows: 
(1) The present high prices paid producers per hundredweight for milk 
eventually will bring a plentiful if not a burdensome supply of milk in the 
spring. (2) Fall shortages will continue to be acute in the absence of a 
decided business recession for at least 2 or 3 years. (3) The acuteness of 
fall shortage can be minimized greatly by educational programs fostered by 
producers’ and dealers’ associations. Special attention should be called to 
the fact that artificial insemination is the best practical way to improve the 
breed, produce milk cheaply, and achieve level production. (4) Dairy 
products must be priced fairly all the way through to consumers and at no 
point should they have to bear undue cost of distribution. Both producers 
and distributors must give careful attention to the law of diminishing re¬ 
turns. (5) The price of milk, especially fluid milk which bears little con¬ 
nection with pricing manufactured milk, if placed on a formula, must be on 
a formula in which the factors cannot be manipulated by any group or 
groups. Educational programs in nutrition and the support of educational 
programs fostered by co-operatives and dealers’ associations must receive 
more attention and more whole-hearted support, both morally and finan¬ 
cially. (6) The drive to effect economies in distribution must continue un¬ 
abated. The time has come when producers and dealers no longer can 
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remain static in production and distribution costs and rely upon a benevo¬ 
lent control agency to recognize these costs without an effort on their part 
to effect economies. C.J.B. 


MISCELLANEOUS 

235. Studies Comparing the Sanitizing Efficiencies of Hypochlorites and 

Quaternary Ammonium Compounds. C. K. Joiins, Dominion 

Dept, of Agr., Ottawa, Canada. Jour. Res., 25 F., 1: 76-91. 1947. 

The germicidal speed of four commercial quaternary ammonium com¬ 
pounds has been compared with that of two hypochlorites against Staphylo¬ 
coccus aureus, Bacillus panis (vegetative cells and spores), Micrococcus 
candidus, cheese starter organisms, Escherichia coli, and Pseudomonas 
aeruginosa , using the glass slide technique. This technique, originally de¬ 
vised for comparing chlorine sterilizing agents, consists of immersing a 
sterile glass slide in a suspension of the organisms in diluted skim milk, 
allowing to drain, immersing in the sanitizing agent, rinsing in tap water, 
and finally transferring to a sterile petri plate, the plate immediately being 
poured with agar. A treatment which kills a calculated 99.9% of the test 
organisms is taken as standard. In addition to compounds tested, the effects 
of time, temperature, concentration, and reaction also were studied. 

The quaternary compounds generally were more effective against the 
Gram-positive species, whereas the hypochlorites generally proved more 
effective against the Gram-negative species. Cheese starter organisms were 
an exception; they were killed faster by the hypochlorites. Three of the 
four quaternary compounds were comparable in efficiency, while the fourth 
definitely was slower. The hypochlorites responded much more readily to 
favorable adjustments in pH and temperature than did the quaternary com¬ 
pounds. Some bacteriostatic effect was observed with higher concentrations 
of all quaternary compounds. O.R.I. 

236. The Mechanical Aspect of Can Washing. A. F. H. Briscoe, U. D. 

Engineering Co., Ltd., London, England. Dairy Indus., 12, 2: 
127. Feb., 1947. 

The author presents a very practical discussion of the mechanical aspects 
of can washing, using both rotary and straightaway machines. Indicating 
thermometers for washing and hot air drying stages as well as pressure 
gauges for all pumps are recommended equipment. Thermostatic control 
of washing temperatures also is desirable. Various types of construction 
are discussed and evaluated in terms of the comparative efficiency of can 
washing. D.V.J. 

237. Rodent Prevention about Dairy Plants. E. M. Searls, Sealtest, Inc., 

N.Y. C. Milk Dealer, 36, 7: 45, 108-112. April, 1947. 

Means of preventing rodents in dairy plants are: (1) Rodent proof the 
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plant. (2) Select a bait the rodent wants. (3) Trap systematically—get 
an adequate number of traps and bait them all; set all of the traps the same 
evening; pick up all the traps the next morning, removing the bait and 
storing them away during the day; continue fresh baiting of traps, setting 
them each evening and picking them up the next morning until no rodents 
are caught for two successive nights; then pick up the traps and store them 
for 2 weeks, unless rodents are seen in the meantime; resume the procedure 
at the end of each 2 weeks regardless of whether rodents are seen. (4) Do 
not permit traps to remain in place about the plant during the day. (5) Do 
not use poisons. C. J.B. 

238. Problems in the Design and Layout of Dairy Plants. R. T. South- 

mavd, Ramsey Laboratories, Cleveland, Ohio. Milk Dealer, 36, 6 : 

136-142. March, 1947. 

The relation of plot size, plant efficiency, room arrangement, mechanical 
equipment, and refrigeration to the layout and design of dairy plants is 
discussed. C.J.B. 

239. Calculation of Heat Recovery with Continuous Blowoff Systems 

Utilizing Steam Regeneration. M. C. McKeown, Cochrane Corp., 

Philadelphia, Pa. Milk Dealer, 36, 6 : 50-52. March, 1947. 

The primary purpose of a continuous blowoff system is to recover heat 
which ordinarily would be lost when boilers are blown directly to the sewer. 
In a system employing the “flash” principle, heat is recovered by the utili¬ 
zation of steam flashed from the blowoff and by directing the hot waste water 
remaining after flash through a heat exchanger. Examples of how to deter¬ 
mine the heat recovery and savings are given. C.J.B. 

240. New Sweetening Agents. P. E. Verkade, N. V. Polak & Schwarz’s 

Essencefabrieken, Zaandam, Holland. Ice Cream Trade Jour., 43, 

3:54. March, 1947. 

Shortage of sugar in European countries during the war resulted in the 
development of several new materials which could be used as substitutes. 
One of these new compounds, known as l-n-propoxy-2-amino-4-nitrobenzene, 
has a sweetening power 4100 times that of cane sugar. It now is being pro¬ 
duced in Holland on a fairly large industrial scale and is used as a sweeten¬ 
ing agent in many European countries. Several methods for production of 
this new class of sweetening agents have been worked out and are protected 
by patents or patent applications in many countries as well as in the United 
States. 

Until recently the only synthetic sweetening agents used in practice were 
saccharine and duleine, which are, respectively, 200-400 and 70-200 times 
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as sweet as cane sugar. Before the present work was undertaken, the sweet¬ 
est substance described in literature was perillaldehyde, an antialdoxime 
which seems to have been used as a sweetening agent in Japan and which is 
said to be about 2000 times as sweet as cane sugar. W.H.M. 

241. Packaging. V. The Grease Resistance of Some Common Packag¬ 

ing Materials. C. G. Lavers, Natl. Research Laboratories, Ottawa, 

Canada. Jour. Res., 25 F., 1: 1-7. Jan., 1947. 

The grease resistance of a wide variety of packaging materials was tested 
before and after creasing and aging. Kraft and sulphite were of little or 
no value, even after paraffin wax coating or impregnating. Vegetable parch¬ 
ment and greaseproof paper were superior to kraft. The grease resistance 
of glassine was 5 to 10 times greater than either greaseproof paper or vegeta¬ 
ble parchment. Polyethylene, in turn, was considerably more resistant than 
glassine, and just slightly less resistant than all grades of “Cellophane” and 
cellulose acetate, cellulose nitrate, ethyl cellulose, Pliofilm, vinylite, and 
Saran. Coating glassine with paraffin increased grease resistance. Neither 
aging nor creasing appreciably affected the grease resistance of Cellophane 
or the thermoplastic films. O.R.I.—from author’s abstract. 

242. Supply and Demand in Dairy Industry. C. E. Lackner. Canad. 

Dairy and Ice Cream Jour., 26, 4 : 37. April, 1947. 

In order to meet requirements for butter and cheese in Canada in 1947, 
increased production of milk will be necessary. The price differential is 
such that most of the milk now goes into market milk and concentrated milk 
products. Unfavorable climatic conditions, labor shortages on the farms, 
and the export of cows have decreased production. Herd improvement and 
higher efficiency are needed to get maximum production. H.P. 

243. What Is Quality in Dairy Products? W. Vincent, Denver Station, 

U. S. Food and Drug Administration. Milk Dealer, 36, 7:144-149. 

April, 1947. 

In addition to setting forth some of the sources of milk contamination 
on the farm and in the processing plant, the author points out that too much 
stress has been placed on some aspects of grade A milk production. He 
believes that ultimately there will be just two kinds of milk offered to dairy 
plants. One will be good, fit for any use, and the other will be good for 
nothing other than animal feed. C.J.B. 
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ABSTRACTS OF LITERATURE 
BACTERIOLOGY 

244. Fundamental Aspects of the Thermoduric Problem. W. A. Cordes, 

Sealtest, Inc., N. Y., N. Y. Milk Indus. Found. Assoc. Bui., 39, 8: 

195-208, Feb. 21,1947. 

Thermophilic bacteria are largely an in-plant problem, frequently result¬ 
ing from old returned milk. On the other hand, the thermoduric problem 
is related to farm sanitation. Over a 5-month period the laboratory-pas¬ 
teurized count of a plant receiving from 66 dairies was 28,360 per ml. Fifty 
machine-milking dairies averaged 31,000 pasteurized count and the 16 hand¬ 
milking dairies averaged 1,550 per ml. No hand-milking dairy had a high 
pasteurized milk count, which pointed to the milking machine as a cause of 
the trouble. 

Milk stone from machine-washed cans was found to have a pasteurized 
plate count of zero. However, inflations and milk tubes showed a pasteur¬ 
ized count as high as 1,500,000 per ml. when rinsed with 50 ml. of sterile 
water; 0.1 g. of milk stone from a can in 5 ml. of sterile water gave 1,080,000 
per ml. Pulsators and air lines also required attention. Many causes of 
poor cleaning and sterilizing results were found, but either dry or wet 
storage gave good results if used properly. For dry storage a final clean 
water rinse of at least 180° F. is required. A final 4-month period showed 
an average pasteurized count of 4,400, or less than one-sixth that of the 
initial 5 months. The value of a thermoduric program lies in the detection 
and elimination of dirty milking machines and insanitary practices of clean¬ 
ing and handling. E.F.G. 

CHEESE 

245. Streamlined Cheese Making. W. Foust, Belle Center Creamery and 

Cheese Co., Belle Center, Ohio. Natl. Butter and Cheese Jour., 

58,5:40. May, 1947. 

A center-slung centrifuge is used to remove the whey from the curd at 
the time of dipping Cheddar cheese. The curd is left in the spinning centri¬ 
fuge until it is ready for milling. Then it is cut into slabs, removed from the 
centrifuge, and run through the mill. The procedure saves space and labor; 
the vat can be used again for another batch of milk while the curd is spinning. 
An acidity of 0.25% can be developed safely in the whey before dipping; 
when this is done the curd can be removed from the centrifuge and milled 
after 10 min. and can be salted 20 min. later. The finished cheese is closer 
in texture, better in flavor, and lower in moisture than that produced by the 
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conventional method. The method may lead to other mechanical improve' 
ments in handling curd. W.V.P. 

CHEMISTRY 

246. Monthly Variations in the Composition of Milk. Q. R. Overman, 

Univ. of Illinois, Urbana. Milk Indus. Found. Assoc. Bui., 39, 8: 

217-224. Feb. 21,1947. 

Results presented in Ill. Agr. Expt. Sta. Bui. 325 and Bui. 457 are dis¬ 
cussed. Based on the analysis of 2,426 milk samples, monthly average values 
are given for Ayrshire, Brown Swiss, Guernsey, Holstein, and Jersey breeds 
for fat, protein, lactose, ash, total solids, solids-not-fat, and specific gravity. 
The percentage values for all components except lactose tend to be highest 
during the colder months. For lactose the tendency is toward higher values 
during the warmer months. E.F.G. 

DISEASES 

247. Raising Heifer Calves on Mastitis Milk. S. D. Johnson. Amer. 

Vet. Med. Assoc. Jour., 110, 840: 179-182. March, 1947. 

A preliminary report on the effects of raising heifers on mastitis milk 
tends to indicate that no pronounced detriment results. Of 12 heifers 
penned separately and pail-fed from infected udders, none showed Strepto¬ 
coccus agalactae at freshening, but 10 quarters were permanently infected 
with hemolytic staphylococci. Six heifers, penned together and pail-fed 
milk from infected udders, calved with only one positive reaction for 
agalactae. A large number of Guernsey calves were raised on nurse cows 
that were infected with mastitis. Examination of nine of the cows that had 
freshened and 15 that were near freshening showed no especially harmful 
results. T.M.L. 

248. Vaccination against Brucellosis. C. M. Haring, J. Traum, and W. E. 

Maderious. Amer. Vet. Med. Assoc. Jour., 110, 839: 103-107. 

Feb., 1947. 

Although strain 19 of the Brucella abortus organism has been shown to 
be of definite value as an aid in the control of Bang’s, the resistance to this 
strain by vaccination may be overcome by exposure to wholesale (massive) 
field infections. Vaccination with strain 19 has certain limitations in that 
it is a suspension of live organisms in physiologic saline solution and is a 
fragile product subject to rapid deterioration. The vaccination of heifers 
at ages approaching and subsequent to sexual maturity is relatively efficient. 
Vaecinatien of heifers at ages older than those commonly recommended gives 
satisfactory results. 

It is recommended that negative adult cows be vaccinated to prevent 
sudden acute outbreaks of abortion. The practice of revaecination of adult 
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.animals, previously vaccinated as heifers, appears to be promising. There 
is considerable room for improvement in method and vaccine for Bang’s. 

T.M.L. 

249. Vaccination Studies on Bovine Trichomoniasis. B. B. Morgan. 

Amer. Jour. Vet. Res., 7, 26: 54-56. Jan., 1947. 

To determine the efficiency of immunizing cows against Trichomonas 
foetus by intramuscular or intravenous injection of motile trichomonads, 30 
virgin heifers, all about 12 months of age, were divided into three groups of 
ten each and injected with various concentrations of trichomonads. Thirty 
virgin heifers not injected with trichomonads served as controls. 

Group A received 16 biweekly injections with concentrations increasing 
from 5 to 50 million organisms. Nine of these ten heifers calved normally. 
Trichomonads were isolated from all of the control group, but from only one 
of the experimental animals. In Group B the heifers were injected biweekly 
for 3 weeks with 5 cc. of a concentration of 50 million organisms per cc. 
Only three of these animals became pregnant and seven were heavily infected 
with trichomonads. The control group had four negative and six positive 
animals. Group C received only two injections over a 3-week period and 
eight of the ten heifers were heavily infected and none became pregnant. 

Temporary immunity may result after a long series of injections, but the 
vaccination of heifers is ineffective for protecting breeding females and can¬ 
not be recommended as a practical procedure. T.M.L. 

250. Clinical Use of Sulfamerazine in the Treatment of Hemorrhagic 

Septicemia and Pneumonia in Cattle. J. L. McAuliff, Amer. 

Vet. Med. Assoc. Jour., 110, 842 : 314-317. May, 1947. 

An initial daily dose of 1.5 g. of sulfamerazine per lb. of body weight, 
administered in equal parts at 8-hr. intervals and followed by a dosage of 
0.5 g. per lb. for 2 or 3 days thereafter, has proved very successful in reliev¬ 
ing clinical symptoms of pneumonia and hemorrhagic septicemia. The drug 
had no apparent toxic effects. T.M.L. 

251. Muscular Dystrophy (White Muscle Disease) in Young Calves. 

L. R. Vawteb and E. Records. Amer. Vet. Med. Assoc. Jour., 

110, 840: 152-157. March, 1947. 

A condition similar to “white muscle disease” or “stiff lamb disease”, 
found extensively in young lambs under 1 month of age, has been observed 
in young beef calves. The disease was observed in calves of western beef 
herds wintered on poor-quality range hay. The largest number of cases 
occur in late winter and early spring; as soon as the cows are turned to pas¬ 
ture or given a supplement of good alfalfa hay, the incidence subsides almost 
immediately. 
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The condition usually occurs while the calves still are nursing (from 10 
days to 2 months). Frequent bawling, inability to nurse, slightly stiff joints, 
and occasional small lesions on the tongue characterize the first observable 
symptoms. Skeletal and cardiac muscles are affected greatly, as determined 
by post mortems. Clinical observations at autopsy usually reveal skeletal 
muscle lesions or localized cardiac lesions. The malady occurs in two forms, 
the peracute and subacute. Fever seldom is recorded until paralysis or 
prostration occurs. 

The symptoms and anatomical lesions observed in the calves closely 
resemble those found in spontaneous muscular dystrophy in young lambs 
and those induced in lambs, rats, rabbits, guinea pigs, and some birds by 
diets deficient in vitamin E. Although nutritional deficiency would seem a 
likely explanation of the disease, no positive conclusions have been drawn. 

T.M.L. • 

FEEDS AND FEEDING 

252. The Prophylactic Administration of Vitamins to Dairy Calves. 

L. 0. Gilmore, L. M. Jones, L. A. Kanegis, and M. H. Roepke. 

Amer. Vet. Med. Assoc. Jour., 110, 843: 390-392. June, 1947. 

Data from 159 unselected calves, bom over a period of 3 years and repre¬ 
senting 76 control and 83 experimental animals, indicate that the adminis¬ 
tration of vitamins (A, B, D) to young calves during their first month of 
life apparently is of no measurable benefit. The criteria for comparison of 
control and experimental groups were incidences of scours and pneumonia, 
gain in body weight, and apparent thriftiness. T.M.L. 

ICE CREAM 

253. Packaged Ice Cream. H. B. Grant. Ice Cream Field, 49, 3: 10. 

March, 1947. 

A recent survey indicates that one-third of the total volume of ice cream 
now goes into packages, whereas prior to the war it fluctuated somewhat 
below 2Q%. Of those polled, 82% listed the grocery store as the best outlet 
for their products, 64% reported satisfactory sales in drugstores, and 50% 
used frozen food stores as regular outlets. Only 7% listed department 
stores as outlets. 

Seventy-five per cent indicated the need for redesigning their packages 
for better eye appeal. The tray-pack seemed .to be the style package favored 
most, with 56% preferring it and 28% favoring the pail style container. 
Considerable divergence of opinion was expressed regarding the advisability 
of selling 6-cent, 7-cent, and 10-cent cones, cups, or novelties; 46% favored 
10-cent items and 89% agreed that the “kids’ nickel” still will buy some¬ 
thing. W.C.C. 
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254. Production—Back on the Ice Cream Standard? E. L. Koepenick, 

Natl. Conference of Ice Cream Industries. Ice Cream Field, 49, 

2:20. Feb., 1947. 

Definitions and standards for ice cream, frozen custard, sherbet, and 
water ices are proposed. These are offered as suggestive of the type of defi¬ 
nitions and standards which may be adopted for these and other foods. 

W.C.C. 

255. Freezing Cream for the Ice Cream Manufacturer. G. M. Trout, 

Michigan Agricultural Expt. Sta. Food Freezing, 2, 4: 203. Feb., 

1947. 

The two possible major defects to be overcome if frozen cream is to meet 
the demands of the ice cream manufacturer are “oiling off” upon defrosting 
and oxidized flavor. The only control of the “oiling off” factor is the use 
of 10-12% sugar in the cream to be frozen for subsequent use in ice cream 
mix. Avoidance of oxidized flavor is accomplished by the following: (1) 
Obtain cream only from high quality milk. (2) Handle milk and cream out 
of contact with copper. (3) Store only low-acid cream. (4) Store a cream 
testing 50% fat. (5) Pasteurize the cream at a high temperature to destroy 
pathogenic bacteria and reduce the numbers of non-pathogens, to inacti¬ 
vate the enzymes, particularly lipase, and to produce reducing substances 
(sulfhydryl compounds responsible for the cooked flavor) in the cream. A 
minimum pasteurization temperature of 165° F. for 15 min. is recommended 
for cream to be frozen for prolonged storage; a definite cooked taste must be 
developed. (6) Avoid air incorporation in the cream. (7) Package and 
store cream in non-absorbent, impregnated paper containers. (8) Sample 
the cream before freezing, code the containers, and taste the cream at various 
intervals of. storage. L.M.D. 

256. Bananas—North of the Border. P. R. Foote, The Standard Fruit 

Products Co., Cincinnati, Ohio. Ice Cream Field, 49,2: 40. Feb., 

1947. 

Bananas of the highest quality are obtained when the fruit is allowed 
to ripen in the sun. Processing properly ripened 4 4 Lady Finger ’' or Chinese 
variety bananas as puree in modern sanitary plants in the heart of Cuba 
results in a product that serves as a good source of flavor for ice cream. 
Since this product was introduced to the ice cream industry in the United 
States slightly over a year ago, thousands of loads have been distributed. 
Imports are stabilized on a year-around basis. W.C.C. 

257. Effect of Freezing Storage on Strawberries, Blackberries, Rasp¬ 

berries, and Peaches. J. G. Woodroof and Ethyl Shelor, Georgia 



A112 


ABSTRACTS OF LITERATURE 


Experiment Station and TVA, cooperating. Food Freezing, 2, 4: 

206. Feb., 1947. 

Strawberries, blackberries, raspberries, and peaches were frozen and 
stored at -10°, - 20 to 0°, 0 to 10°, and 10° F. for 1 year. Examinations 
were made after 3, 6, 9, and 12 months. Records were made of appearance, 
color, aroma, flavor, texture, leakage, and resistance to crushing. 

Desirable appearance, color, aroma, texture, and flavor of strawberries 
were preserved much better at -10° F. than at higher temperatures or at 
fluctuating temperatures. Strawberries were in better condition after 12 
months’ storage at -10° F. than after 6 months at 10° F. All of the fruits 
deteriorated more rapidly at a temperature fluctuating from 0 to 10° F. than 
when held constant at 10° F. 

Blackberries and raspberries stored at -10° F. were superior to those 
stored at higher temperatures, but the differences were not so great as those 
found with strawberries and peaches. All samples of frozen blackberries 
and raspberries developed a semi-cooked aroma and flavor; blackberries had 
a semi-cooked color. Peaches deteriorated more rapidly in flavor and color 
than did the other fruits at the four temperatures indicated. They also 
seemed to lose quality more rapidly at fluctuating temperatures than did the 
other fruits. 

In these experiments sugar or sirup was not used in order that firmness 
could be determined with a tenderometer. Antioxidant was not used with 
the peaches in order that natural color retention could be observed at the 
various storage temperatures through the 12-month period of observation. 

L.M.D. 

0 

258. The Effect of Various Pretreatments of Frozen Peaches on Quality. 

Lenore E. Sater, Mary E. Kirkpatrick, Kay E. Stein, Hazel B. 

Murray, and Dorothy G. Skinner, Bureau of Human Nutrition 
• and Home Economics, Agr. Research Admin., U. S. Dept, of Agr. 

Food Freezing, 2, 3: 128-131, 144. Jan., 1947. 

The color, flavor, texture, ascorbic acid content, atid enzyme activity of 
peaches frozen and stored under home conditions were studied to determine 
the effects of various treatments and packs. Treatments to prevent brown¬ 
ing consisted of dipping for 1 min. in citric acid, Frulite, and sodium bisulfite 
and then packing in 40% sirup or a 3:1 ratio of fruit-to dry sugar, using 
Golden Jubilee and Elberta varieties. September Elberta peaches were 
packed in 40 and in 60% sirup containing various amounts of ascorbic acid. 
Analyses for palatability, enzyme activity, and aseorbie acid content were 
made on the fresh and freshly-frozen peaches, and at the end of 4, -8, and 
12 months of storage. 

Dipping in a 0.75% sodium bisulfite solution before packing resulted in 
a very objectionable flavor and a bleached color. Although all of the other 
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four treatments were satisfactory, peaches packaged in ascorbic acid-sucrose 
sirup and those dipped in Frulite before packaging were the most successful. 
Regardless of treatment, all the 40% sirup-packed peaches were superior to 
the corresponding dry sugar packs in all respects. 

(Abstractor’s note: At the present time the Food and Drug Administra¬ 
tion does not permit the addition of Frulite (Thiourea) to commercial foods 
because its safety has not been demonstrated clearly.) L.M.D. 

MILK 

259. The Relationship between Atmospheric Temperature and the Fre¬ 

quency of Low-grade Milk Samples in Devon. H. H. Mitchell. 
Dairy Indus., 12, 4 : 351-352. April, 1947. 

A 3-year study involving the milk from about 8,000 producers demon¬ 
strated conclusively that a close relationship exists between atmospheric tem¬ 
perature and the quality of the milk received. When the prevailing tem¬ 
peratures were 45° F. or. less, the amount of Grade C milk received was 
below 5%. During summer months when mean temperatures were between 
60 and 65° F., the amount of inferior grade milk approached 20 to 30%. 
A graphic chart covering the 3-year study is presented. D.V.J. 

260. Planning an Efficient Receiving Room. V. Schwarzkopf, Lathrop- 

Paulson Co., Chicago, Ill. Milk Dealer, 36, 5: 48. Feb., 1947. 
Some of the important considerations in planning the receiving room and 
in selecting the proper equipment for highest efficiency under a given set of 
conditions are: (1) Volume of milk to be received per hour, (2) number and 
size of cans to be received per hour, (3) number of producers and their aver¬ 
age daily delivery of milk, (4) accessibility of the room for getting cans in 
and out, (5) relative elevation of driveway and receiving room floor, and 
(6) relative location of receiving room to driveway or street. Arrangement 
and equipment, the conveyor system, dumping and weighing of milk, the 
can washer, and ventilation are discussed. C.J.B. 

261. Pasteurization of Milk. Current Comment. Amer. Med. Assoc. Jour., 

133 ,4 : 249. Jan. 25,1947. 

This editorial encourages compulsory pasteurization of milk and decries 
irresponsible persons who do not recognize the advantages of the pasteurized 
product. D.P.G. 

262. Quality Control in Dairy Plants. E. S. Guthrie, Dept, of Dairy 

Indus., Cornell Univ., Ithaca, N. Y. Milk Dealer, 36, 5 : 144-149. 
Feb., 1947. 

The effects of dairy utensils, feeds, lipase, copper, and sunlight on the 
quality of are discussed. The author recommends the use of hot water 
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for sterilizing utensils, preventing feed flavors by feeding silage and other 
highly flavored feeds immediately after milking, preventing the development 
of a rancid flavor by heat treating the milk, and preventing oxidized flavors 
by eliminating copper in the equipment that comes in contact -with milk and 
avoiding the exposure of the milk to light. Improving the keeping quality 
of milk by deaeration and preventing the development of oxidized flavors 
by destroying the vitamin 0 also are discussed. C.J.B. 

263. Relations of Metals to Milk. F. R. Pattison. Dairy Indus., 12, 4: 

329. April, 1947. 

The corrosion of the various types of metals used in dairy equipment and 
utensils is discussed. The effect of protective films set up on the surface of 
nickel, by hot milk, is pointed out. This effect is specific for hot milk on 
nickel and does not hold for other fluids or other metals. The influences of 
temperature, oxygen content, rate of flow and acidity of milk are discussed, 
as well as the possibility of galvanic effects with certain metals. Aluminum 
is highly resistant to corrosion by milk, but its inferior mechanical properties 
and low resistance to brine and alkali limit its use in dairy equipment. High 
nickel alloys are emphasized; their resistance to corrosion, their strength, 
thermal conductivity, and adaptability to fabrication make them very suita¬ 
ble for dairy equipment. D.V.J. 

264. Streamlining Plant Operations, Distribution. R. W. Blackburn, 

Safeway Stores, Inc., Los Angeles, Calif. Milk Dealer, 36, 5:152- 

155. Feb., 1947. 

Methods used by Safeway in streamlining its milk operations are dis¬ 
cussed. Storage tanks are used in place of milk cans on the farm and for 
transporting the milk to the plant. This streamlining is more economical; 
tank hauling resulted in a saving of 0.054 cents per gallon or 6.27 cents per 
100 lb. of milk. Time and labor at the producing dairy are saved; approxi¬ 
mately 15 min. a day is required to wash and sterilize the storage tank as 
against 3 hr. a day for cans. The weighing (measuring) and sampling of 
the milk are more accurate and the quality of the milk is improved. The 
advantages of using paper containers and of selling milk through stores are 
discussed. C.J.B. 

265. Cost Reduction in the Bottled Milk Industry. C. H. Zamzow, Jr., 

George Fry and Associates, Chicago and New York. Milk Dealer, 
36, 5:45. Feb., 1947. 

One of the most urgent problems confronting milk dealers today is to 
increase productivity while reducing costs. The part that complete produc¬ 
tion engineering programs can play in solving these problems is discussed 
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under the following headings: (1) What is production engineeringt (2) 
Results to be expected from a program. (3) Production engineering depart¬ 
ment. (4) Developing the program. (5) Training the production engi¬ 
neering department personnel. (6) Gathering basic data upon which to 
base the program. (7) Familiarize management and labor with production 
engineering. (8) Work simplification and methods analysis. (9) Job 
evaluation. (10) Establishment of production standards. (11) The estab¬ 
lishment of production schedules. (12) Installation of a wage incentive 
plan. (13) Cost control, maintenance, and follow-up. In the final analysis, 
the goal of every business is a better* product manufactured at the lowest 
possible cost in order that competition in the consumers’ market may be 
met successfully. A production engineering program properly applied and 
maintained is the direct road to that goal. C.J.B. 

266. Experiments in Changing Food Habits. Marian Radke and Dayna 

Klisurich, Child Welfare Research Sta., State Univ. of Iowa, Iowa 

City. Amer. Dietet. Assoc. Jour., 23, 5 : 403. May, 1947. 

The group decision method was found superior to the lecture method in 
increasing consumption of bottled milk and evaporated milk in a series of 
experiments on changing food habits. 

In the group decision method, groups of six to nine women met together 
and a group leader gave information about the nutritive value of milk and 
ways to increase its consumption by the family. Discussion of the subject 
and a decision by the group to increase the milk consumption of their families 
followed. Four weeks following the meeting, 50% of the women had in¬ 
creased their families’ consumption of bottled milk and 50% had increased 
their families’ consumption of evaporated milk as compared to corresponding 
percentages of 14 and 33 in the groups to whom a lecture on the nutritive 
value of milk was given. 

Similarly, when the group decision method was compared with individual 
instruction in determining -whether mothers followed recommendations re¬ 
garding the use of cod-liver oil and orange juice in feeding their newborn 
infants, the group decision method was found superior in producing the 
desired response. M.B. 

267. Chocolate Milk. R. A. Simonet, Robert A. Johnston Co., Milwaukee, 

Wis. Milk Dealer, 36, 5:150, 151. Feb., 1947. 

The manufacture of chocolate milk is discussed. Some of the causes of 
unsatisfactory results are: (1) too much milk; (2) too little powder or sirup; 
(3) too low holding temperature at pasteurizer; (4) insufficient cooling at 
surface cooler; (5) vat cooling; (6) lack of proper agitation while batch 
is hot at pasteurizer; (7) excessive agitation of finished (cooled) chocolate 
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drink; (8) breakdown at bottler or washer, allowing last few gallons in 
pasteurizer to stand without agitation and paddles not long enough for 
proper agitation; (9) running hot batch from pasteurizer over surface cooler 
more than once; (10) allowing finished bottles of chocolate drink to remain 
too long at room temperature; (11) small hand-operated batch when 10 or 
20 gallons of chocolate milk are held in receptacle above small surface cooler 
without agitation; (12) lack of proper increase of holding temperature for 
excessive pipes, elbows, and homogenizers; (13) improper storage of flavor¬ 
ing; (14) lack of rotation of chocolate flavoring in stock room; and (15) 
pumping finished cold chocolate milk without additional heat to compensate 
for agitation in the cold pump. 

Jelling usually is caused by too little milk, too much flavoring, too much 
heat at pasteurizer above standard set, or insufficient agitation at pasteurizer. 
Jell once formed in the bottle can be broken by agitating the bottle or shaking 
the pile of milk crates in storage; jell does not return. Settling cannot be. 
corrected in the finished bottle. C.J.B. 

SANITATION AND CLEANING 

268. Cleansing of Dairy Utensils. I. The Bacterial Content of Utensils 

Sterilized by Approved Methods. S. B. Thomas and Eleanor 

Jones-Evans. Dairy Indus., 12, 4: 347. April, 1947. 

The efficiency of three types of farm sterilizers was investigated. Uten¬ 
sils were checked for sterility by rinse and swab techniques, using yeastrel 
milk agar for colony counts. 

All sterilizing units were found to be satisfactory; the steam produced 
by each apparently provided efficient sterilization. Thermoduric counts 
were 3,500 per utensil for sterilized equipment and 133,000 for washed 
(warm water) utensils. The importance of removing milky residues from 
utensils before sterilizing is pointed out. Frequent or periodic servicing of 
sterilizing units is recommended. D.V.J. 

269. Bacteriological Aspects of Can Washing. C. A. Scarlett. Dairy 

Indus., 12, 5 : 430-434. May, 1947. 

Cleaning and sanitizing of milk cans are discussed under the headings 
of washing, sterilizing, and drying. Both mechanical and hand cleaning 
procedures are considered. The removal of all organic matter is emphasized 
and the relative merits of chemical and steam sterilization are discussed. 
Steam sterilization is more satisfactory because of its penetrating power and 
drying action. If the bacteria count per ml. of capacity of the can (rinse 
count) does not exceed that of the milk, there is little danger of serious 
deterioration of milk placed in the can. Clean dry cans will remain in a 
satisfactory condition for 2 days after cleaning and sterilizing. D.V.J, 
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270. Washing and Sterilizing of Milk Bottles. W. A. Josephson, Sheffield 

Farms Co., Inc., N. Y. C. Milk Indus. Found. Assoc. Bui., 39 , 8: 

209-216. Feb. 21, 1947. 

Investigations revealed that all sizes of bottles consistently met operating 
standards for bacterial counts when they emerged from the final caustic 
soak, providing proper caustic strengths and temperatures were maintain ed 
However, bottles have been recontaminated and high bottle counts have 
resulted from contaminated rinse water, improper chlorination, improper 
type and adjustment of chlorine jets, and faulty sample collection technique. 
Drawings illustrate how changes in four types of bottle washers resulted in 
improvements. Detailed directions are given for taking washed bottle 
samples. E.F.G. 

271. A New Approach to the Bottle Washing Problem. J. C. L. Restjg- 

gan and J. G. Davis. Dairy Indus., 12 , 5: 443-454. May, 1947. 

A new non-foaming tetra-alkyl ammonium compound, di-n-octyldimethyl- 
ainmoniumbromide, has been developed in England. This cationic wetting 
agent has strong bactericidal powers. Comparisons were made between it 
and another common cationic agent producing foam and between it and well- 
known alkaline powder detergents. The greater efficiency of the cleaner 
containing the new cationic agent suggests that the use of non-foaming 
quaternary ammonium compounds may be an advance in the cleaning of 
milk bottles. Work is continuing. D.Y.J. 

MISCELLANEOUS 

272. Principles of Refrigeration Applied to Storage Space. P. B. 

Christensen, Merchants Refrigerating Co. Food Freezing, 2 , 3: 

135-137. Jan., 1947. 

Explanations of relative humidity, moisture vapor pressure, and dew 
point and their importance in connection with refrigerated spaces are given. 
Charts illustrate the drying power of air at low temperatures with fixed 
humidity and varying temperatures or at varying humidities and tempera¬ 
tures. Relationships of these factors to insulation are emphasized. Vapor 
seals must be used on both sides of cooler insulation where outside tempera¬ 
tures go below the inside cooler temperature; in the case of freezers, only 
a warm side vapor seal is needed. L.M.D. 

273. Industrial Wastes—Dairy Industry. H. A. Trebles and H. G. 

Harding, Natl. Dairy Research Lab., Inc., Baltimore, Md. Indus. 

Engin. Chem., Indus. Ed., 39 , 5: 608-613. 1947. 

Dairy products are highly concentrated and perishable, and their wastes 
have a hi gh pollution value. The trend is toward large manufacturing 
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plants equipped to utilize all by-produets. Although the large plants help 
to utilize waste from near-by small plants, waste disposal still'is a serious 
problem in many scattered small plants. 

The dairy industry has several kinds of waste which often may be treated 
separately. General domestic waste from lavatories, locker rooms, and 
laundries should go to septic tanks or city sewers. Boiler blow-off, which is 
alkaline and hot, is beneficial to septic and digester tanks and may be dis¬ 
charged into them. Backwash and regeneration rinse waters and cooling 
waters generally should be segregated and sent to storm sewers or into 
streams. Care must be taken in the disposition of spoiled products. Some¬ 
times the most practical method is to truck them out for dumping in some 
isolated spot. By-product wastes, such as whey, buttermilk, and excess skim 
milk, are the worst offenders in stream pollution. These wastes should not 
be dumped into clean streams or small city sewers; they are not handled eco¬ 
nomically in either city or private industrial sewage disposal plants. Im¬ 
proved by-product utilizations should gradually decrease the waste from this 
source. 

Waste from drips and leaks should not occur, but if present they some¬ 
times may be recovered for animal food. Wash waters may require some 
kind of treatment before they are discharged into small streams. A reliable 
method for flow measurement and sampling should be provided; an auto¬ 
matic sampler is described. An aerated flow equalizing tank, which will 
distribute the load and provide some biochemical oxidation, is needed when 
dairy waste is to be discharged into a stream or into a small city disposal 
plant. The necessary treatment for waste should be given, if possible, in 
combination with existing or future city waste disposal plants. If these 
means are not available, the trend is toward treatment or recirculating 
trickle filters. Efficient and economical control, maintenance, and super¬ 
vision of industrial waste disposal plants are needed and may have to be 
met on an industry-wide basis in the future. B.H.W. 
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ABSTRACTS OF LITERATURE 
BOOK REVIEW 

274. Animal Nutrition. Second Edition. Leonard A. Maynard. 494 
pages. $5.00. McGraw-Hill Book Co., New York. 1947. 

The second edition of this well-established and excellent text follows 
closely the pattern of the first, which was published in 1937. The major 
purpose of the book, according to the author, is to teach how the facts of 
nutrition are being learned experimentally and how they find application in 
practical livestock feeding. 

Like the original text, the new edition contains 16 chapters outlining the 
principles of nutrition and their applications in feeding practice. These 
deal, respectively, with the expanding field of nutrition, the animal body and 
food, pbysiochemical bases of life process, metabolism of the carbohydrates, 
lipids, proteins and the inorganic elements, vitamins, feeding experiments 
and determination of digestibility, nutritional balances, measures of food 
energy, maintenance, growth, reproduction, lactation, and work. The book 
also contains an entirely new feature, namely, a list of visual aids. 

Extensive revisions and additions have been made to bring the subject 
matter up to date through March, 1946. Because of wartime conditions, 
most of the literature citations refer to work done in the United States. 
Much new information is presented about the proteins, minerals, and vita¬ 
mins. The discussions of cobalt, manganese, and others of the so-called 
trace mineral elements in animal nutrition have been greatly expanded. 
Newly discovered roles of carbohydrates and fats in animal nutrition are 
discussed. New facts are presented concerning the nutrient, mineral, and 
vitamiu requirements of animals and about the comparative value of various 
feedstuffs for supplying those needs. Modifications of many ideas previ¬ 
ously held are presented as based on recent experimental evidence. 

The book is very well written, well illustrated, and well arranged. The 
author has done an excellent job of eliminating extraneous material. In spite 
of the fact that nutrition is to a large extent a chemical process, the subject 
matter is presented so clearly as to be readily understood even by those with 
little or no training in this field. Throughout the text, the author presents 
facts on the problems confronting the field of nutrition, on special applica¬ 
tions to human nutrition, and on pioneer contributions of many individuals. 
These all help to add interest and value to the book. Gross references and 
the references listed at the end of each chapter help to increase the useful¬ 
ness of the text as a source of information. T.W.G. 

Alia 
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BACTERIOLOGY 

275. Studies on Coliform Organisms in Dairy Products. L. Buciibinder 
and Edytue Alff, Bureau of Laboratories, Dept, of Health, New 
York City. Jour. Milk and Pood Technol., 10, 3:137-148. May- 
June, 1947. 

A survey of the coliform incidence in pasteurized milk in New York City 
was made for the purpose of establishing coliform standards. The question 
of heat resistance of colif orms in milk is of little significance. 

The following conclusions were reached: (a) the reports in the literature 
on heat resistance of coliforms frequently are fragmentary and inconclusive; 
(b) many of the reports are based on laboratory results and not in a milk 
plant itself; and (c) differences in techniques employed in the study, such 
as partially submerged tubes, an unspecified number of organisms used, and, 
in many instances, a reporting of greater numbers of heat resistant organ¬ 
isms than normally would be found in raw milk, give a wide variation in the 
results. 

The authors attempted to carry out three approaches to the problem. 
First, they determined the frequency with which coliforms are present in 
milk just leaving the holder in a pasteurizing plant. In many instances as 
few as five coliforms per liter of milk were found. Repeated tests over a 
period of several months showed that coliforms rarely escape destruction in 
the holder, being detected in only one of some 400 liters of milk sampled. 
Secondly, in only about 2 % of the samples studied in a survey of the raw 
milk supply of New York City over a period of 1 year did the coliform count 
exceed 100,000 per ml. Thirdly, the authors found that when raw milk was 
pasteurized by the partial submergence technique, 7.5% of 482 samples 
showed coliforms. The presence of survivors was unrelated to the initial 
numbers present in the raw milk. The same method was used to test 18 pure 
cultures of the survivors in a total of 21 trials. The cultures each were 
tested in four decimal dilutions falling within the range of coliforms found 
in natural raw milk. Of the 84 tubes, 46 (55%) were positive. The sur¬ 
vivors seemed to be distributed by chance among the several dilutions. Ten 
of the same strains were investigated in some 36 tests, using the oomplete- 
submergence, sealed-tube method, with the initial numbers ranging from 3 
million to 396 million per ml., and thus much greater than would be expected 
in normal raw milk. No coliforms were recovered after 30 minutes. Shorter 
time intervals showed 8 of 25 cultures survived after 0 minute, 3 of 25 after 
5 minutes, but none after 10 or 15 minutes. These results indicate that coli- 
forms do not survive the time and temperature of laboratory pasteurization 
when the proper technique is used. 


H.H.W. 
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276. What Is Meant by Coliforrn Bacteria. R. N. Doetsch, Dept, of Bact., 

Univ. of Maryland, College Park. Milk Plant Monthly, 36, 1: 89- 
91. 1947. 

Coliform organisms are defined as * 1 all aerobic and facultatively anae¬ 
robic, Gram-negative, non-spore-forming bacteria which ferment lactose with 
the production of gas”. They are members of a large group of bacteria 
which have many characteristics in common. The presence of coliform bac¬ 
teria in milk indicates improper pasteurization or post-pasteurization con¬ 
tamination. Dairy bacteriologists use all the coliform organisms as indi¬ 
cators of faulty procedure. Several methods are described for detecting 
coliform bacteria in dairy products. G.M.T. 

277. Coliform Bacterial Contamination of Milk and Milk Products. 

Practical Problems and Their Solution. R. P. Myers, Natl. Dairy 
Products Corp., Research Laboratories, Baltimore, Md. Milk Plant 
Monthly, 36, 2: 30-33. 1947. 

The coliform test, widely used in the dairy industry by plant operators, 
is particularly helpful in checking the efficiency of cleaning and sterilizing 
procedures. Experience in plant pasteurization of milk has demonstrated 
rather conclusively that coliform bacteria do not survive proper pasteuriza¬ 
tion, either by the holding or short-time method. Thus, if coliform bacteria 
are found, post-pasteurization contamination of the milk has resulted. The 
sources of coliform contamination may be as follows: (a) improperly steril¬ 
ized equipment, (b) contamination of equipment when assembled, (c) con¬ 
densate dripping from pipes, etc., (d) handling equipment which contacts 
dairy products, (e) air contamination, (f) contamination of pasteurized 
milk with improperly pasteurized milk, (g) vacuum lines at the bottle fillers, 
(h) contaminated colors, flavors, and fruits, particularly in ice cream, (i) 
rubber gaskets and packing glands, (j) dead-end tees, and (k) seepage 
through plug caps. Most effective sterilization is brought about by combina¬ 
tion of both hot water and chemicals. Coliform bacteria grow at relatively 
low temperatures. Thus, the tests should be made on the fresh product 
rather than on a sample stored for some time in the refrigerator. The coli¬ 
form tests when intelligently used in the plant aid in locating the points 
which need more attention in sanitation. G.M.T. 

• 

278. An Occurrence of Udder Infections Caused by a Thermoduric Strep¬ 

tococcus. J. S. Bryan, Walker-Gordon Laboratory Co., Plains- 
boro, N. J. Milk Plant Monthly, 36, 3 : 32-33, 92. 1947. 

Many, thermoduric bacteria come from the udder of the cow. Cases are 
cited'in which udders were infected by thermoduric bacteria on inadequately 
washed milking machines, resulting in high thermoduric counts in the milk. 
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Recommendations in the control of thermioduric streptococci in a herd or 
milk supply are: (a) constant vigilance and checking to discover infected 
cows and keeping milk of such cows out of the supply, (b) careful cleaning 
of milking machines to prevent spreading of organisms to other cows, and 
(c) careful cleaning and sterilizing of the pasteurizing and bottling equip¬ 
ment. G.M.T. 


BUTTER 

279. The Washing of Butter and Its Effect on Curd Content and Quality. 

E. G. Pont. Austral. Council Sci. & Indus. Res. Jour., 19, 4: 432. 

1946. 

The presence of increased curd in the range 1.1% for washed butter and 
1.52% for unwashed butter is not a determining factor in keeping quality. 
Unwashed butter involves adverse factors not determined in this investiga¬ 
tion. Out of 74 churnings of butter, only two unwashed samples graded 
higher by one point after 1 week’s storage. As the storage period advanced, 
the washed butter scored higher in most instances. After 3 months’ storage, 
washed butter lost 1.23 points in grade while unwashed butter lost 1.71 
points. There was no relationship for the inferior keeping quality of the 
unwashed butters and curd content, initial quality, and bacteria content. 

H.P. 

280. Increased Costs of Operating Today’s Butter Business. P. Potter, 

Paul Potter & Associates, Chicago, Ill. Natl. Butter and Cheese 
Jour., 38, 7: 46. July, 1947. 

Responses to questionnaires representing 79 butter manufacturing plants 
show increased costs. These costs increased from 1940 to 1945 as follows: 
manufacturing costs, 51%; print room, 41%; overhead, 30%; and total 
costs, 41% (not including selling expense). Estimated increases in procure¬ 
ment cost averaged about 42%. The total unit cost of manufacturing, print¬ 
ing, and overhead increased about 1.4 cents. Increased costs per unit were 
due to reduced volume as well as to higher costs of labor and materials. 

W.V.P. 

a 

281. Dasher for Churns. H. R. Marshall. U. S. Patent 2,421,798, June 

10, 1947 (3 claims). U. S. Patent Office Off. Gaz., 599, 2 : 233. 

1947. 

The surfaces of a blade for a rotary churn dasher are designed to improve 
the churning operation. R.W. 
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CHEESE 

282. The Control of the Early Gas Defect in Cheese Caused by the Coli- 

Aerogenes Bacteria. Th. E. Galesloot, Netherlands Milk and 
Dairy Jour., 1 ,1: 33-42. 1947. 

The early gas defect in cheese could be controlled with either KN0 3 or 
KN0 2 . These compounds must be added in an amount sufficient to delay 
gas production from lactose until gas production can be checked sufficiently 
by the development of acid by the lactic acid organisms. KC10 3 also was 
suitable for controlling the early gas defect in cheese; a sufficient amount 
must be added so that the gas-forming organisms can reduce this compound 
until the lactic acid bacteria have increased sufficiently to inhibit the gassy 
fermentation. The objectionable flavor caused by the coli-aerogenes bacteria 
was not as pronounced when KC10 a was used as when KN0 2 or KN0 3 was 
used. The author favors the use of KC10 3 . P.J.B. 

283. Cottage Cheese Manufacture. Part 1. Its Problems and Possibili¬ 

ties. W. I. Tretsven, Dairy Advisory Service, Chicago, Ill. Milk 
Plant Monthly, 36, 5: 24-27, 32. 1947. 

» 

Production of cottage cheese is increasing rapidly since the quality has 
improved. This item is economical, is generally liked, and is profitable for 
the dairy manufacturer. Methods of manufacture are presented in con¬ 
siderable detail. Difficulties sometimes encountered are discussed and reme¬ 
dies suggested. ' The writer believes that the production of cottage cheese is 
plagued with superstitions and undesirable cure-alls, whieh may be wasteful, 
illegal, or questionable. With general improvement in quality, increased 
consumption may be expected. G.M.T. 

284. Cottage Cheese Manufacture. Part 2. Creaming and Packaging 

of Cottage Cheese. W. 1. Tretsven, Dairy Advisory Service, Chi¬ 
cago, Ill. Milk Plant Monthly, 36, 6: 26-29, 32. 1947. 

Since cottage cheese is mostly retailed as a packaged product., several 
problems of creaming and packaging cottage cheese are present. Creaming 
mixtures vary markedly in the percentage of fat. Details are given relative 
to the creaming of cottage cheese. Hand packaging procedures are criticized 
because of lack of sanitation, lack of uniformity, high labor costs, obsoles¬ 
cence, and lack of dependability of labor. Precautions must be taken to 
reduce contamination of cottage cheese. The yeast and mold content is a 
fair index of the sanitary condition of the product. A phosphatase and sedi¬ 
ment test are essential to determine the effectiveness of pasteurization and 
general cleanliness. G.M.T. 
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285. Manufacture of Cheese. W. Falhndrich. IT. S. Patent 2,423,300, 

July 1,1947 (2 claims). U. S. Patent Office Off. Gaz., 600, 1: 121. 

1947. 

A perforated tube is placed in a position approximating the axis of 
cheese at the time of manufacture, to facilitate drainage of the whey from 
the center, thereby improving the texture of the cured cheese. R.W. 

CHEMISTRY 

286. The Mechanism of the Oxidant Effects of Commercial Salt and 

Water in Butterfat. G. L. Hills and J. Conochie. Austral. 

Council Sci. & Iudus. Res. Jour., 19 : 414-429. 1946. 

The catalysis of the oxidation of the fat in cold storage butter by salt and 
acid present in the water phase was studied at 40° C. using hydrogenated 
peanut oil to give solidity to the fat and to maintain the necessary fine mois¬ 
ture distribution. Dispersed water alone in butterfat accelerated oxidation. 
Catalysis of fat oxidation by commercial salt in acid solution was found to 
be due to the combined effects of halide and hydrogen ions. The effect is a 
direct one between acid salt-solution and fat; the presence of other butter 
constituents is not necessary. The mechanism suggested and supported by 
experimental evidence involves the formation by reaction between fat-hydro¬ 
peroxide and hydrogen and chloride ions of chlorine, which then activates 
further oxidation. The previously reported oxidant effects of traces of mag¬ 
nesium chloride in commercial salt, when the salt is dispersed in the dry state 
in fats and oils, can be explained similarly. In butterfat, glyceryl mono- 
streate added at the rate of 0.1 to 1.0% was found effective in stopping the 
reaction at the interface between the fat and salt solution. H.P. • 

287. Note on the Effect of Phosphatide on the Ferric Thiocyanate 

Method of Estimating Peroxide in Fats. G. L. Hills and R. 

Wilkinson. Austral. Council Sci. & Indus. Res. Jour., 19, 4 : 430. 

1946. 

Milk phosphatide at a concentration of 0.05% was found to interfere with 
the ferric thiocyanate test for peroxide groups in fats. This does not cause 
difficulty in the application of the test to dairy products other than dried 
buttermilk when benzene-methanol is used as the solvent. Acetone will not 
dissolve phosphatide to cause interference. H.P. 

CONCENTRATED AND DRY MILK ; BY-PRODUCTS 

288. Concentrated Milks. B. H. Webb, Division of Dairy Research Labo¬ 

ratories, Bureau of Dairy Industry, U. S. Dept, of Agr. Milk Plant 

Monthly, 36, 1: 44-46, 48, 50, 52. 1947. 

Described briefly are the history of the concentrated milk industry, the 
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composition of various concentrated milks, their methods of manufacture, 
their nutritive values, and the economic factors necessary for the successful 
establishment of a condensery, namely, location in the dairy community, 
location in a small town, good transportation facilities, abundant water sup¬ 
ply and good drainage, an available market for the products, and sufficiently 
large capital. G.M.T. 

289. From Pan to Package. The Importance of Cooling Process in the 

Manufacture of Sweetened Condensed Milk. 0. F. Hunziker. 

Milk Plant Monthly, 36, 6:74-76, 7&-79. June, 1947; Natl. Butter 

and Cheese Jour., 38, 7 : 40. July, 1947. 

The cooling process is one of the most important steps in the entire manu¬ 
facture of sweetened condensed milk, for the type and number of sugar 
crystals will be determined largely by the treatment of the product during 
the cooling period. Sweetened condensed milk with very smooth texture and 
free from sugar crystal deposits is accomplished through mass crystalliza¬ 
tion. Seeding is indispensable in securing mass crystallization, the logical 
seed material being powdered lactose. The pulverized lactose may be added 
at the rate of 4 to 6 ounces of seed lactose per 1,000 lb. of original fluid milk. 
Several methods of cooling may be employed, each of which has advantages 
and disadvantages. G.M.T. 

290. The Future of Dry Milk. S. O’Dea, Production and Marketing Ad¬ 

ministration, U. S. Dept, of Agr. Milk Plant Monthly. 36, 1: 30-31, 

64. 1947. 

While the utilization of dry milk and nonfat dry milk solids has been 
high during the war years and many new uses for them have been found, the 
long-run post-war demand for milk powder is uncertain. Development of 
markets for nonfat dry milk solids is more imperative than for any other 
manufactured dairy product. G.M.T. 

291. Desiccating Method and Apparatus. G. Tooby. (Assigned to Rich¬ 

ard C. Lilly.) U. S. Patent 2,422,706, June 24, 1947 (10 claims). 

U. S. Patent Office Off. Gaz., 599, 4: 593. 1947. 

A spray drier designed for milk is described. The milk is introduced 
into a stream of hot air traveling toward the periphery of a conical-shaped 
chamber. The denser dried milk particles are removed from the bottom of 
the-eone-shaped chamber, while the moisture-laden air leaves through a duct 
at the top to enter a cyclone collector. R.W. 
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DISEASES 

292. The Prevention, Control and Treatment of Mastitis. C. S. Bryan, 

Dept, of Surgery and Medicine, Michigan State College, East Lan¬ 
sing. Milk Plant Monthly, 36, 2 : 97-98. 1947. 

Mastitis is a very general term which refers to any inflammation of the 
udder regardless of the cause and severity of the condition. The most com¬ 
mon cause of chronic infection is Streptococcus agalactiae. Available scien¬ 
tific data, substantiated by field trials, for the successful prevention and 
control of bovine mastitis involve good sanitary milking procedure, good 
sanitary herd management, early and accurate diagnosis of specific trouble, 
elimination by slaughter or complete segregation of cows with badly dam¬ 
aged udders, and early and proper treatment. G.M.T. 

ICE CREAM 

293. Technical Literature of Ice Cream for 1946. A. Leighton, Bureau 

of Dairy Industry, U. S. Dept, of Agr. Ice Cream Rev., 30, 11: 45. 
June, 1947. 

This is the ninth annual review of ice cream literature by the author. 
In the current review, a total of 249 articles are cited, covering all phases of 
ice cream manufacture. The bibliography, classified according to subject 
matter, will afford a particularly valuable reference to ice cream manufac¬ 
turers and technical or scientific workers. W.J.C. 

294. Carboxymethylcellulose in Ice Cream. M. Landers. (Assigned to 

Lanco Products Corp.) U. S. Patent 2,423,600, July 8, 1947 (10 
claims). U. S. Patent Office Off. Gaz., 600, 2 : 253. 1947. 

Inclusion of a water-soluble salt of carboxymethylcellulose in an ice cream 
mix improves the texture of the frozen product without adversely affecting 
other characteristics. A mixture to be added to the mix consists of 30 parts 
sodium carboxymethylcellulose having a viscosity of 1,500 centipoises in 1% 
aqueous solution, 15 parts glycerol e-stearate y-benzoate and 55 parts cane 
sugar. One part of this mixture is added to 200 parts of ice*cream mix con¬ 
taining 10% fat. Less is required for mixes containing greater percentages 
of fat. All the claims include a mixed glycerol diester of a higher fatty acid 
and an aromatic carboxylic acid in addition to the water-soluble salt of 
carboxymethylcellulose. * E.O.W. 

295. Shrinkage in Ice Cream. C. D. Dahle, D. J. Hankinson, and J. A. 

Meiser, Jr. Dairy Dept., Pennsylvania State College. Milk Plant 
Monthly, 36, 1: 32-33, 36-38. 1947. 

Shrinkage in ice cream is the most important unsolved problem in the ice 
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cream industry today. Use of paper containers, continuous freezing, dry 
ice, high cabinet temperature, time of the year, and presence of free fatty 
acids, egg yolk, certain polyhydric alcohol esters, and certain sugars are 
among the contributing factors. A definite solution to the problem has not 
been found, and all the conditions thought to cause shrinkage may be present 
yet shrinkage may or may not occur. G.M.T. 

296. Ice Cream Cabinet. R. J. Sharp. U. S. Patent 2,423,207, July 1, 

1947 (1 claim). U. S. Patent Office Off. Gaz., 600, 1: 98. 1947. 

The sleeve of the cabinet is inclined toward the front of the cabinet to 
facilitate dipping of the ice cream. A pedal, pressed by the foot, causes the 
lid to slide upward, permitting access to the ice cream, the lid returning to 
the closed position on release of the pedal. R.W. 

297. Customer Surveys as a Means of Checking up on Company Service. 

Anonymous. Ice Cream Rev., 30, 11: 46. June, 1947. 

The results of a questionnaire submitted to customers at 13 Franklin 
Creamery Co. ice cream stores in Toledo and Cleveland, for the purpose of 
checking up on store operations, are summarized. A total of 2,095 replies 
were received, of which 76% contained comments of a favorable nature, 
whereas the remainder registered complaints on some phase of Franklin 
store operations. Specific things most frequently commented on favorably 
were: good quality ice cream, creamy texture of ice cream, good service, 
clean, attractive stores, good variety of flavors, availability of special molds 
and rolls, and convenient location of the store. Of the criticisms offered, 
poor service ranked first in number of replies, followed in order by unsatis¬ 
factory quality of ice cream, lack of table service, insufficient help, not open 
long enough, tables not cleaned often enough, no delivery service, not enough 
stores, insufficient variety of flavors, lack of parking facilities, and store not 
attractive. In the opinion of the manager, surveys of this nature provide 
some helpful information. However, the wide divergence of opinions ex¬ 
pressed frequently was conflicting and did not permit clear-cut conclusions. 

W.J.C. 

298. Dealer Price Education. V. M. Rabuffo, Ice Cream Trade Jour., 43, 

5: 40. May, 1947. 

Suggestions are offered to dealers on how to establish retail prices. The 
price of fountain items, sodas, sundaes, and milk shakes should be about 
twice their cost. A satisfactory spread in the cost and selling price of ice 
cream sold in cones may be maintained by a slight reduction in the amount 
of ice cream served in cones in lieu of a price increase. A cone sold for double 
the price of a single cone should contain two scoops of ice cream and repre¬ 
sent double value. 
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Dealers are advised to sell hand-dipped ice cream at 10 cents per pint 
over the price of a factory-filled package. A gross margin of 30 to 35% is 
suggested for factory-filled packages. 

Retail prices should he set so that they will not retard sales. The price 
must be acceptable to the consumers, must bear the proper relation to prices 
of competing items, give the merchant a profitable return on his investment, 
and produce the greatest possible number of inventory turn-overs in any 
given period. The dealer should be shown that ice cream is a fast turn-over 
item in relation to most merchandise carried in stores. W.H.M. 

MILK 

299. Grade A Milk. H. A. Ruehb, Univ. of Illinois, Urbana. Milk Plant 

Monthly, 36, 6: 30-32. 1947. 

Considerable confusion exists in some localities as to what constitutes 
Grade A milk. The Milk Ordinance and Code formulated by the Public 
Health Service sets a standard of 50,000 per ml. for raw milk and 100,000 
per ml. for raw cream of this grade. For Grade A pasteurized milk and 
cream, the bacterial plate count must not exceed 30,000 per ml. for milk and 
60,000 per ml. for cream. Certain factors in the production of Grade A 
milk increase the costs of production so that it may not be economical for 
the small producer to strive to qualify for Grade A milk production. 

G.M.T. 

300. Procurement of Quality Milk. W. W. Thompson, Rochester Dairy 

Co-operative, Rochester, Minn. Milk Plant Monthly, 36, 6: 103- 

104. 1947. 

Procurement of quality milk depends in part on the efforts and relation¬ 
ships of a large number of people. Several basic principles are involved in 
carrying out a quality program. There must be an incentive for the pro¬ 
ducer to do a good job. The quality of the milk must be determined regu¬ 
larly. The producer must he kept informed of the job he is doing. Field 
service must be provided. These cannot be minimized. Cash premiums for 
producing quality milk have secured results. Likewise, the giving away of 
premiums for certain credits has been effective in producing quality milk. 

G.M.T. 

301. The Microscope in Controlling the Quality of Farm Milk. C. S. 

Bryan, Dept, of Surgery and Medicine, Michigan State College, 

Bast Lansing. Milk Plant Monthly, 36, 2 : 52, 54, 72. 1947. 

Microscopic examination may be used in detecting the source of contami¬ 
nation of poor quality milk. The procedure involves selecting a sample at 
the weighing vat in a sterile tube; preparing a standard smear; staining by 
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methylene blue, Mallmann’s acid stain, Newmann’s reagent, or Broadhurst’s 
reagent; and examination of smears with the microscope, using oil immer¬ 
sion. Details of the various techniques are presented in considerable detail. 

G.M.T. 

302. Control Practices Used in Supervision of Vitamin D Milk by City 

and State Milk Sanitarians. Report of Committee on Applied 
Laboratory Methods, K. G. "Weckel, Chairman, Univ. of 'Wisconsin, 
Madison. Jour. Milk and Food Technol., 10, 3: 167-171. May- 
June, 1947. 

Vitamin D fortified milk constitutes from 30 to 60% of the total fluid 
milk sales. It is important to the public that the desired potency be present 
in all vitamin D milk produced. Studies indicate that one-out of every seven 
dairies produces milk below the desired potency. One out of every 20 sam¬ 
ples collected by city sanitarians for bioassay purposes was found to be below 
standard. 

Fortunately, inadequate fortification does not do the harm that could be 
done by inadequate pasteurization. Consumers as a rule pay a premium for 
vitamin D fortified milk and must rely upon assurance for labeled potency. 
In the light of this survey, many sanitarians should re-assay their procedure 
of supervision of vitamin D milk produced in their areas. H.H.W. 

303. Developments and Sales Possibilities of Homogenized Milk. C. A. 

Iverson, Dept, of Dairy Industry, Iowa State College, Ames. Milk 
Plant Monthly, 36, 5: 64, 66, 68. 1947. 

Although many developments have occurred within the last decade in the 
use and distribution of homogenized milk, probably its greatest development 
is yet to occur. Advantages claimed for homogenized milk are: (a) butter- 
fat is uniformly distributed, (b) milk is uniform, thus appearing and tasting 
richer, (c) curd tension is reduced, (d) as a beverage it is a superior product, 
(e) for infant formulas, boiling, filtering and cooling can be eliminated, (f) 
certain defects are less pronounced in homogenized milk, (g) in the absence 
of cream there is no temptation for the operator to cut pasteurization tem¬ 
perature of holding time in order to protect creaming ability, and (h) 
homogenized milk does have sales appeal. On the other hand, homogenized 
milk does have its disadvantages, such as (a) no cream layer, (b) certain 
flavor defects, (c) sediment, (d) disadvantages in cookery, (e) cream line 
formation if process is improperly done, (f) utilization of returns, (g) in¬ 
creased costs, and (h) the homogenizer may be an additional source of con¬ 
tamination. The author believes that the main advantage which homogen¬ 
ized milk has is that people prefer it as a beverage to non-homogenized milk, 
and he concludes that homogenization is one of the forward-looking phases 
of the dairy industry. G.M.T. 
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304. What to Check and How to Check on Short-Time Pasteurizers. 

A. H. Rishoi, Cherry-Burrell Corp. Milk Plant Monthly, 36, 5 ; 

34-36,38-41. 1947. 

Attention is called to the many means and devices used to insure com¬ 
pliance with health department regulations and to some of the safeguards 
which have been built into the design and construction of short-time units. 
A short-time pasteurizer consists, essentially, of six parts: a float control 
tank, a regenerator section, a heater section, a holder tube, a flow diversion 
valve, and a cooler section. The general regulations which should be checked 
by the sanitarian with respect to milk flow are: (a) the pasteurized milk 
must be under greater pressure than the raw milk contained in the unit, 

(b) the milk pump must be sealed so the specified capacity is not exceeded, 

(c) a restriction is placed in the diversion flow line in order that the back 
pressure on the milk pump and milk in the holder pump will be the same 
during diversion, (d) the holding tube should slant upward continually 
from the point of entrance of the milk to the diversion valve, and (e) drain¬ 
age to the float tank when the pump stops or when the raw milk line is dis¬ 
connected from the regenerator outlet must be automatic. 

Tests for measuring the time required for milk to pass through the hold¬ 
ing tube or providing for injecting a test solution through a stopcock at the 
entrance and means for drawing liquid through a similar arrangement just 
ahead of the flow diversion valve have been devised. These test liquids in¬ 
volve a color solution or salt solution. The actual time for the solution to 
pass through the holding tube may be determined by observation or by 
electric current. Capacity of the unit is measured by the time required to 
fill a 10-gallon container. The function of the flow diversion valve is the 
very heart of the time-temperature control system. Tests on the flow diver¬ 
sion unit involve four steps, which include checking the recording ther¬ 
mometer and adjusting the controller by use of liquids at various tempera¬ 
tures. The paper is unusually informative and helpful to both operators 
and inspectors of short-time pasteurizers. G.M.T. 

305. Experiences Using the Short-Time High-Temperature on Milk, 

Cream, Buttermilk, Cocoa and Cottage Cheese 9 . M. M. Kloser, 

Bowman Dairy Co., Chicago, Ill. Milk Plant Monthly, 36, 3: 38, 

40-41, 86. 1947. 

The high-temperature short-time pasteurizer has been used successfully 
in processing milk, cream, buttermilk, cocoa, and milk for cottage cheese. 
Temperatures employed for different products vary, depending upon the 
products being processed. Homogenized milk was pasteurized at 170° F. 
for 16.5 seconds, while the skim milk intended for buttermilk manufacture 
was heated to 185-190° F. Satisfactory results were obtained on the bases 
of bacteria, phosphatase, cream volume, and flavor. Greatest difficulty with 
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the use of the high-temperature short-time pasteurizer was with gaskets of 
synthetic rubber; these had to be replaced more often than the natural 
rubber gaskets, which had given 16 months of continuous service. G.M.T. 

306. Milk Pail. R. J. Gooden. U. s. Patent 2,422,541, June 17, 1947 (2 
claims). U. S. Patent Office Off. Gaz., 599, 3: 500. 1947. 

A milk pail is described with a removable strainer and hinged cover. 

R.W. 


SANITATION AND CLEANSING 

307. Sanitary Standards for Dairy Equipment. E. H. Pahpitt, Evapo¬ 

rated Milk Assoc., Chicago, Ill. Natl. Butter and Cheese Jour., 38, 

7:48. July, 1947. 

The Subcommittee on Sanitary Standards of the Dairy Industry Com¬ 
mittee was appointed to collaborate with the International Association of 
Milk Sanitarians and the U. S. Public Health Service in developing stand¬ 
ards of sanitary performance of processing equipment. Progress has been 
made, as evidenced by recommendations for fittings, published in the Jour. 
Milk Technol., Jan.-Feb., 1946, and for storage tanks, ibid., May-June, 1946. 
Standards for transportation tanks, horaogenizers, pumps, storage tanks, and 
farm milk utensils are being formulated. The success of these undertakings 
depends on the support of milk sanitarians and regulatory groups and on the 
education of buyers to specify 3A sanitary standards. W.V.P. 

308. Sanitation and Plant Efficiency. C. E. White, Kraft Foods Co., Chi¬ 

cago, Ill. Milk Plant Monthly, 36, 2: 34-39. 1947. 

Sanitation involves the struggle between man and the lower forms of life, 
such as yeast, bacteria, molds, insects and rodents, which may infest dairy 
plants. In checking a plant for sanitation, the operator should observe: 
plant and equipment cleanliness, plant operating methods, orderliness or 
plant housekeeping, and the condition of the building, premises, and plant 
equipment. The selection and training of plant personnel, and the proper 
selection of cleaners, sterilizers, and cleaning aids are of foremost impor¬ 
tance. Fundamentally, cleaners serve three purposes—the dissolving of 
dairy soil, the reduction of interfacial tension between cleaning solution and 
soil, and the softening of the water through the formation of soluble com¬ 
pounds. Scheduled cleaning, i.e., cleaning the equipment at the proper time, 
entails four fundamental preventive measures: (a) rinsing equipment be¬ 
tween batches, (b) cooling the pasteurizer before and during emptying, (c) 
elimination of steam leaks, and (d) rinsing equipment immediately after 
emptying to remove all foam and dairy soil. Insect control is another factor 
in attaining plant sanitation; this involves eliminating breeding places, in- 



A132 


ABSTRACTS OF LITERATURE 


sect proofing the building, and the correct use of insecticides. Rodent control 
also is necessary and includes elimination of breeding places, rodent proofing 
the building, and trapping. G.M.T. 

309. Bottle Washing Problems. D. H. Jacobsen, Cherry-Burrell Corp., 

Chicago, Ill. Milk Plant Monthly, 36, 6: 42-44, 46-48. 1947. 

The principal function of the bottle washer is to produce clean and 
sterile bottles. The problems in soaker bottle washing, according to their 
relative importance, are efficient sterilization, complete cleaning and bright 
appearance, prevention of etching of glass or color labeling, prevention of 
scale on the washer, and smooth mechanical operation or lubrication. Cer¬ 
tain temperatures and concentration relationships must be maintained in 
bottle washing. Different states and municipalities have various standards 
for sterilization of bottles. Until uniform standards are established, milk 
plant operators should follow local standards on caustic concentration and 
then choose bottle washing compounds which provide the maximum in bottle 
cleaning efficiency. G.M.T. 

310. Quaternary Ammonium Compounds in the Dairy Industry. M. E. 

Davis, Winthrop Chemical Co., Weston, Mass. Milk Plant Monthly, 

36, 3 : 48, 50-52. 1947. 

Quaternary ammonium compounds, of which “Roccal” was the first, 
have been introduced to the dairy industry with, favorable results. The 
properties claimed for these compounds are: (a) rapid and complete killing 
action against bacteria even in low concentrations, (b) practically non- 
poisonous, (c) non-irritating to the skin, (d) odorless, (e) non-corrosive, 
(f) great stability, and (g) inhibit bacterial growth over long periods of 
time. In obtaining maximum efficiency with the use of these compounds, 
the following suggestions are helpful: clean all equipment; dip all small 
parts in disinfecting solution before assembly; leave loose all joints, pipe 
connections, dead-end tees, and valves in order that all surfaces may be con¬ 
tacted by the solution; and pump through the entire system a solution con¬ 
taining 200 p.p.m. Specific directions are given for the use of quaternary 
compounds in sanitizing milk cans, milking machines, and dairy utensils. 

G.M.T. 


311. A Uniform System of Milk Inspection. W. D. Tiedeman, Bureau of 
• Milk Sanitation, New York Dept, of Health, Albany, N. Y. Milk 
Plant Monthly, 36, 3 : 72, 74, 76. 1947. 

A complete lack of uniformity exists in the' system of milk inspection, 
not only by the municipalities but among various states. Attempts at secur¬ 
ing legislation requiring a uniform inspection system in New York were not 
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successful in 1944 and again in 1945. If a reasonably efficient and uniform 
sanitary control over country sources of milk supply was maintained, dupli¬ 
cation and much ill-feeling caused by stringent inspection in some areas and 
laxity of inspection in others would be eliminated. Indications are that in 
the future agreements between departments of health, agriculture, markets, 
and the dairy industry will be effected. G.M.T. 

312. Essentials of an Effective Farm Dairy Sanitation Program. P. W. 

Scherschel, Laboratory and Field Service, Pure Milk Assoc., Chi¬ 
cago, Ill. Milk Plant Monthly, 36, 6: 105-106. 1947. 

An effective farm dairy sanitation program involves good cooperation 
between the receiving room, trucker, fieldman, and the producer. The field- 
man has certain responsibilities in suggesting to producers ways and means 
of improving the quality of their milk. Producers as a rule want to market 
a good quality product, keep healthy cows, be clean, follow correct milking 
procedures, and control temperatures. Detailed directions for cleaning 
utensils, milking, and the care of the milk house and surroundings are given. 

G.M.T. 

313. Duties of a Fieldman. W. J. Brakel, Dept, of Dairy Husb., Ohio 

State Univ., Columbus. Milk Plant Monthly, 36, 4: 48, 50. 1947. 

The duties of a fieldman are to satisfy his employer, to represent the firm 
by which he is employed, and to render service to the dairy producer. He 
often is the only representative of the organization purchasing the milk and 
as such should bring to the producer a favorable opinion concerning the 
plant. Retaining the goodwill of producers and increasing production are 
not difficult if the fieldman has proper attitudes and approaches a patron in 
a tactful, businesslike manner. Appealing to pride is an effective means of 
stimulating producers to milk quality; as a last resort, the producer may be 
advised that the market requires that certain changes be made in order to 
help in producing a higher quality product. The fieldman especially must 
be in close contact with receiving room operations, such as weighing, Babcock 
testing, and quality tests. Cans returned to the producers must be sanitary. 
The fieldman should spend sufficient time at the plant conducting quality 
tests and keeping records to enable him to have complete confidence in their 
accuracy. He should function as a service man, creating interest and en¬ 
thusiasm for efficient production of high quality milk. He must be inter¬ 
ested in his work, in its importance, and in keeping up-to-date with improved 
methods. G.M.T. 

314. The Use of DDT and Other Methods of Insect Control in Dairy 

Plants. L. S. Henderson, Bureau of Entomology and Plant Quar- 
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antine, Dept, of Agr., Washington, D. G. Milk Plant Monthly, 36, 
3 : 54-56,60. 1947. 

Preventive measures in controlling insects around food establishments 
may be even more important than the application of insecticides. Sanitation 
and rigid and thorough house-cleaning or plant-keeping are highly impor¬ 
tant. Sanitation should not end inside the plant but should include the 
premises as well. DDT is an extremely useful insecticide; however, there 
has been a great deal of hesitancy in recommending its use for fly control in 
rooms where food is processed or handled because the insects may, in the 
process of being destroyed, get into the equipment or food. DDT likewise 
is effective in roach control. A heavy roach population may appear a few 
days after its application because of the stimulation effected by DDT in 
bringing them out of their hiding places. If roaches still are present after 
2 weeks, incomplete coverage usually is indicated. In using insecticides the 
importance of sanitation must not be minimized. G.M.T. 

315. Insect and Rodent Control in Dairy Plants. F. A. Kobff, Bureau 

of Food Control, Baltimore City Health Dept. Milk Plant Monthly, 
56,4 : 98,100. 1947. 

The dairy industry has been fairly successful in the fight against mi¬ 
crobial contamination of their products. Attention today is being given to 
the elimination of infestations from insects and rodents. Like bacteria, 
insects and rodents need food, water, and warm environment. By elimi¬ 
nating Weeding places through sanitation and plant housekeeping, a great 
deal can be accomplished in keeping pests at a minimum. Recently empha¬ 
sis has been placed on the importance of plant housekeeping, rather than on 
trapping and killing. The technical method of control consists of sealing 
up all openings where insects and rodents may enter and eliminating harbor¬ 
ing places throughout the building. The biological method involves the 
reduction and' elimination of all hiding and breeding areas. Effective re¬ 
sults can be obtained by proper training of plant personnel and by the 
relocation of equipment so as to aid in cleaning and inspection operations. 
Sanitation is of utmost importance in the control of all dairy plant pests. 

G.M.T. 

316. Insect and Rodent Control in the Plant. E. M. Searls, Sealtest, Inc., 

N. 7., N. 7. Milk Indus. Found. Assoc. Bui., 39, 12 : 350-354. 
March, 1947. 

Bisect and rodent control involves not only destruction of the pests but 
primarily preventing their entrance into food-handling establishments. The 
statement is made that about 80% of all convictions by. the Federal Security 
Agency for adulteration of product published in the July, 1946, list were 
based on presence of insects or rodents or on that “might have been” clause. 
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At the present time there seems nothing more available or desirable than 
the insecticide DDT, which permits virtual proofing of a plant against insect 
occupation for long periods of time. Nothing approaching DDT for insects 
is available for rodents. It is questionable if poisoning rodents is advisable. 
Exclusion by rodent proofing is the first line of defense, with the old clap¬ 
trap style rat and mouse trap for those that get in. E.F.G. 

317. New Chemicals for Insect Control on the Farm. E. M. Searls, Seal- 

test, Inc., N. Y., N. Y. Milk Indus. Found. Assoc. Bui., 39 ,9 : 240- 
242. Feb., 1947. 

Sanitation comes first in insect control. Have clean barns, clean premises, 
and clean, well-tended animals; then the application of insecticides will finish 
the job of insect control. Probably the most useful insecticide is wettable 
DDT applied with a knapsack-type sprayer according to the instructions of 
the manufacturer of the insecticide. Neither DDT nor any of the rest of 
these new insecticides can take the place of sanitation. E.F.G. 

318. Ten Common Causes of Excessive Sediment. Part 1. Importance 

of Keeping Cows Clean. C. B. A. Bryant, Johnson and Johnson, 
Chicago, 111. Milk Plant Monthly, 36, 2 : 64, 66. 1947. 

Thousands of service calls on sediment trouble indicate that the ten most 
common causes of poor sediment tests at the receiving platform are: (a) 
cows, (b) milk cans, (c) improper use of filter disc and strainer, (d) failure 
to rinse strainer when filter disc is changed, (e) carelessness in storage of 
milk can lids, (f) milking machine suction cups allowed to get close to floor 
or bedding when being attached to the cow, (g) improper technique in pour¬ 
ing milk into strainer, (h) sediment in rinse water, (i) jarring lock strainer, 
and (j) single face discs placed in strainer with the gauze side up; the gauze 
should be down with the cotton side up. G.M.T. 

319. Ten Common Causes of Excessive Sediment in Milk. Part 3. 

Proper Care of Milk Can Lids. C. B. A. Bryant, Johnson and 
Johnson, Chicago, Ill. Milk Plant Monthly, 36, 4 : 86, 88. 1947. 
Careless handling and storing of milk can lids has been found to be one 
source of excessive sediment in milk. Fine dark specks found in milk were 
traced to pieces of bark falling from a tree into unprotected can lids which 
later were used without cleansing. G.M.T. 

320. Ten Common Causes of Excessive Sediment in Milk. Part 4. Filter 

Disk Improperly Placed in Strainer. C. B. A. Bryant, Johnson 
and Johnson, Chicago, Ill. Milk Plant Monthly, 36, 5: 82-83. 
1947. 

Fifty per cent of 2,700 milk producers who had milk returned because of 
undesirable Bediment tests were not placing the filter disc into the strainer 
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properly; thus some of the milk by-passed the filter and was not strained. 
Every plant manager, fieldman, and milk hauler should learn how to place 
the disc into a strainer correctly and pass this information on to each of the 
milk producers. Both hands should be used in placing the disc. Unless the 
edges fit properly, the baffle plate or dome crumples the sediment disc, pre¬ 
venting a perfect seal. Dents in the bottom of strainer will cause similar 
by-passes. G.M.T. 

321. Ten Common Causes of Excessive Sediment in Milk. Part 5. Fail¬ 

ure to Rinse Strainer when Changing Disk. C. B. A. Bryant, 

Johnson and Johnson, Chicago, Ill. Milk Plant Monthly, 36, 6: 

98-99. 1947. 

Rinsing the strainer when changing the disc has been found to be a means 
of eliminating some of the sediment from milk. Unless this is done, some 
of the sediment taken out of the milk may lodge on the strainer under the 
new disc and be washed into the milk. G.M.T. 

MISCELLANEOUS 

322. Dairy Waste Saving and Disposal. W. A. Dean, Jr., Bowman Dairy 

Co., Chicago, Ill. Milk Plant Monthly, 36 , 5: 42-48, 50. 1947. 

Dairy waste disposal is an old problem in which increasing interest is 
shown today. Reduction of waste in a plant to the minimum is financially 
beneficial, as well as a means of avoiding possible lawsuits. Plants have been 
sued for devaluation of property, injury of livestock, discomfort, loss of 
health and well-being, destruction of fish and wild life, destruction of plant 
and plankton life, and general nuisance. Dairy wastes may be classified as 
follows: (a) waste due to inefficient processing equipment, methods, or 
operation; (b) waste of whey, buttermilk, skim milk or other by-products; 
(c) waste of spoiled products; and (d) wastes due to rinsings and wash 
water. Methods of keeping waste to a minimum and the various systems 
involved in treatment of necessary wastes are described fully. Dairy waste 
sampling and testing followed by determination of the causes of excessive 
losses aid in reducing losses. 4 G.M.T. 

323. Effect of Stabilizers on Frozen Cream. R. W. Bill, Bureau of Dairy 

Industry, Agricultural Research Administration, U. S. Dept, of 

Agr. Jour. Milk and Food Technol., 10, 3: 149-157. May-June, 

1947. 

The use of a stabilizer which would make it possible to obtain thawed 
cream resembling bottled whipping cream was investigated. The stabilizers 
used were emargol and fruit pectin. These compounds, when added to raw 
cream, appeared to help conserve the physical stability of the pasteurized 
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cream during low temperature storage. Emargol tended to decrease the 
tendency of thawed creams to oil off, without changing the viscosity. Pectin 
improved the consistency and increased the viscosity of the thawed cream 
without the tendency to form a cream plug. The differences between the 
control samples and those which contained a stabilizer were more pronounced 
when the freezing and storage temperature was -15° C. than when it was 
- 29° C. 

Emargol and pectin were valuable in stabilizing the cream. However, 
they were not so important as the size of the fat globules, avoidance of 
clumping, rate of freezing, and storage temperature. H.H.W. 

324. Butterfat and Solids-not-fat. Their Relation to Plant Control and 

Their Implication in Plant Operations. L. C. Thomsen, Univ. of 
Wisconsin, Madison. Milk Indus. Pound. Assoc. Bui., 39, 10: 257- 
266. March, 1947. 

The author suggests that losses be “departmentalized” and not taken 
merely as over-all plant losses. This is to fix responsibility. If two methods 
of expressing losses are used, such as per cent of the fat lost and per cent of 
product lost, then one method may be used as a check against the other and 
may assist in identifying the point of loss. 

In calculating fat losses it is important that the sample in the receiving 
room be accurate and that the analysis of the original milk samples, as well 
as the fat content of the various products, yield as near true fat contents as 
possible. For some products the usual Babcock method is not satisfactory, 
and a modification must be used. In that part of the milk skimmed, the 
usual fat loss in the skim milk from 5.0% milk will amount to 1.3% of the 
fat, while from 3.0% milk it will amount to 2.15%. In working out the 
losses on the basis of the weight of product, accurate weighing or measuring 
devices must be provided, containers must have the correct volume, and 
suitable conversion factors must be used. 

The total “paper” losses in ideally operated plants selling only fluid milk 
and cream will amount to approximately 1.65%, of which slightly less than 
three-fourths can be assigned to the fluid milk part of the operation and 
slightly over one-fourth can be charged to the fluid cream operation. The 
percentage of loss may vary widely from the above if corresponding testing 
procedures are not used. E.P.6. 

325. Plant and Accounting, Their Relation and Contribution to Efficient 

Management. H. Lagoni, Borden’s Dairy Delivery, San Fran¬ 
cisco, Calif. Milk Indus. Found. Assoc. Bui., 39, 10: 281-287. 
March, 1947. 

It is not difficult to determine when costs are too high but it is important 
that the cause of the high cost be found and the extent to which it is high 
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actually determined. The various items of cost—such as plant, labor, equip¬ 
ment, materials, supplies, power, steam, refrigeration, waste, and container 
loss—should be determined on the basis of appropriate units and these costs 
compared with previously established reasonable standards. This fact-find¬ 
ing operation will furnish the accounting data necessary to a better manage¬ 
ment job. E.F.G. 

326. The Relation of Plant Operations and Accounting to Efficient Man- 

agenient. R. J. Ramsey, Ramsey Laboratories, Cleveland, Ohio. 

Milk Indus. Found. Assoc. Bui., 39, 10 : 267-280. March, 1947. 

Periodical examination of the records being kept will show some which 
can be dispensed with and others which are needed. Butterfat accounting 
is considered to be of first importance, and it should not be difficult to keep 
these losses below 1% of the fat purchased. Among the procedures recom¬ 
mended for fat checking are the use of a drip sampler for total fat, the use 
of an automatic sewage sampler, accurate fat standardization of all products, 
correct weight of product in all containers, and collecting drip, rinsings, and 
foam for later separation. The per cent of fat in skim milk should be figured 
at 0.1 % as shown with the Mojonnier test. 

Bottle trippage is checked by weighing broken glass at critical points and 
.keeping the bottle deposit on wholesale bottles as high as possible. Unless 
the market is almost ready for paper, it is suggested that substantial savings 
may be effected with lightweight 48 mm. bottles. Keeping cottage cheese 
yields up to 16-18 lb. per 100 lb. of skim milk, careful checking of ice box 
inventory and steam costs, larger use of latent heat equipment, and higher 
back pressure in the refrigeration plant are important methods of increasing 
efficiency. 

A point to be kept in mind is that it costs approximately five times as 
much to cool milk one degree as it does to heat it one degree. With S.T.H.T. 
pasteurization, the use of regeneration may decrease the use of steam to the 
point that the batch method would require 365% of the S.T.H.T. require¬ 
ment and in refrigeration the batch method would require 180%, with the 
S.T.H.T. requirement considered 100%. Industrial water .treatment is a 
source of very substantial savings. E.F.G. 

327. How a Safety Program Can Save You Money. E. G. Quesnel. The 

Borden Co., N. Y., N. Y. Milk Indus. Found. Assoc. Bui., 39, 12: 

355-360. March, 1947. 

The total cost of an accident is on an average four times the direct cost. 
The all-industry accident rate compiled for 1945 by the National' Safety 
Council shows accidents per million hours worked to be 13.53; for the food 
industry it was 22.80, while for the dairy products industry it was 28.02. 



MISCELLANEOUS 


A139 


Accidents in the dairy industry apparently occur almost twice as often as 
in all industry. The Milk Industry Foundation started a vehicle accident 
contest Sept. 1, 1939. Of 166 fleets enrolled for the year, only 4 reported 
no accidents and 36 had less than 5 accidents. The contest was continued 
each year and the contest ending Sept. 1, 1946, showed 209 fleets enrolled, 
19 having no reportable accident and 63 having less than 5 accidents. 

A contest for plant workers started in 1941, with 121 companies enrolled, 
showed 12 with no accident the first year and 52 with less than 5 accidents. 
In the contest ending Sept. 1,1946, 21 companies experienced no reportable 
accident and 90 companies had less than 5 accidents. The contests call atten¬ 
tion to safe operating rules and regulations, supply instructions for setting 
up a safety department in each company, and in many ways draw attention 
to the importance of safe practice and procedure. B.F.G. 
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ABSTRACTS OF LITERATURE 

BACTERIOLOGY 


328. Places Where Practice in Making Laboratory Examinations of 

Dairy Products Has Not Caught Up with Research Findings. 
R. S. Breed, New York State Expt. Sta. (Cornell University), 
Geneva. Milk Indus. Found. Assoc. Bui., 39, 15: 431-447. May, 
1947. 

The various conditions under which milk is produced, processed, con. 
taminated, held in storage, and modified by addition of such materials as 
chocolate, vitamin D, etc., make for wide variation in the types of bacteria 
which may be present. A laboratory using only one temperature of incu¬ 
bation many times will be in error unless additional plates at other tem¬ 
peratures are used or if agar plates are not checked with microscopic prepa¬ 
rations. Curves are presented showing in general a higher colony plate 
count on plates incubated at 48 hr. at 32° C. than for the same length of 
time at 35° C. or 37° C. A temperature of 32° C. is recommended. 

The problem of coliform standards is suggested as one for individual 
enforcement officers, since reasonable standards will vary from one milk 
area to another. The Montreal milk supply is reported to meet standards 
of less than 1 coliform organism per ml. of milk, while the upstate New 
York inspectors have not found it advisable to enforce a standard more 
severe than 10 coliforms per ml. Long storage periods to which pasteurized 
milk frequently is subjected cause bacteriological conditions about which 
more information is needed and upon which more research should be done. 

E.F.G. 

329. L’analyse bacteriologique des laits concentres sucres. Presence 

de staphylocoque pathogenes dans certains d’entre eux. 

(Bacteriological Analysis of Sweetened Condensed Milks. Pres¬ 
ence of Staphylococcic Pathogens in Certain of Them.) R. But- 
tiaux and L. Lesne, Pasteur Institute, Lille, France. Le Lait, 
27, 263-264: 121-131. March-April, 1947. 

In 1945, samples of sweetened condensed milk of foreign origin were 
found to produce serious illnesses among infants. Details are given of the 
bacteriological methods used in studying samples of this product and the 
results secured. Cans were examined for swelling, for total and B. colt 
count, and for the presence of putrid organisms, anaerobes, yeasts, ropy 
organisms, and salmonella. 
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In isolating and identifying the staphylococci, Oram stains were made 
of cultures obtained in lactose broth. These were cultured on nutrient 
agar containing tryptone and glucose. After 24 hr. at 37° C., typical 
golden and white colonies were picked for further study. Pathogenic 
strains were distinguished by color of colony, coagulation of blood serum, 
haemolysis, fermentation of mannitol, and production of violet color on 
lactose gentian-violet agar. 

Of 66 different samples examined, 20 showed the presence of staphy¬ 
lococci, and 16 of these were pathogenic. Numbers varied from 100 to 
100,000 per 1., but types rather than numbers appeared more important in 
determining the severity of the sickness which occurred. Contamination 
of these products probably took place during processing rather than from 
organisms present in the raw milk surviving heat treatment. O.R.I. 

BUTTEE 

330. Milk Fat Concentrate Process. II. C. IIorneman, II. V. Hussong, 

S. N. Quam, and B. W. Hammer. (Assigned to Sugar Creek 
Creamery and Cherry Burrell Corp.) U. S. Patent 2,423,834, 
July 15, 1947 ( 6 claims). U. S. Patent Office Off. Gaz., 600, 3: 
382. 1947. 

. Cream under reduced pressure is subjected to the action of steam, then 
centrifuged to yield milk fat, mixed with water and salt, and finally suitably 
cooled and stabilized to produce a product like butter. R.W. 

CHEESE 

331. Flavor Development in Cheddar Cheese. A. C. Dahlberg and F. V. 

Kosikowsky, Cornell University, Ithaca, N. Y. Natl. Butter and 
Cheese Jour., 38, 8: 44. Aug., 1947. 

The formation of the flavor compounds in Cheddar cheese has never been 
fully explained by scientific knowledge. It is known that during ripening 
carbon dioxide is formed, lactose disappears, pn decrease* and then in¬ 
creases, protein decomposes into simpler nitrogenous compounds and amino 
acids, and volatile fatty acids are formed. These changes are caused by the 
combined actions of bacteria and of enzymes added with rennet extract. 
Science has not determined any exact relationship of protein decomposition 
and development of volatile fatty acids to intensity of flavor production. 
It is known, however, that high temperatures of curing tend to stimulate 
these changes that are observed as flavor is produced in cheese made from 
pasteurized milk and from raw milk of high quality. New methods must 
be used to study these problems. W.V.P. 
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332. fitude comparee des fromages de Livarot et de Pont-L’fivcque. 

(Study Comparing Livarot and Pont-I/Eveque Cheeses.) C. 

Hurel and G. Mocquot. Le Lait, 27, 263-264: 131-141. Mareh- 

April, 1947. 

The characteristics of, and to a limited extent, the methods used in manu¬ 
facturing these two varieties of cheese are described. Both types are prod¬ 
ucts of the district of d’Auge in Normandy. 

Livarot, a small cylindrical cheese about 12 cm. in diameter and 5 cm. 
tall, requires much care during the 3 months of ripening. It is made from 
partially skimmed milk, the finished cheese containing 30 to 40% fat in the 
dry matter. Acidity develops rapidly during manufacture, although the 
development of proper flavor and texture is dependent upon the growth 
of a surface coat containing yeasts, molds, and proteolytic bacteria. Pout- 
L ’Jfiveque, a square cheese with dimensions of 11 cm. a side, is made from 
whole, fresh milk with rennet and is ready for consumption in 4 to 6 weeks. 
An orange-tinted slime develops on the surface of the cheese during ripening. 

Graphs are presented showing comparative rates of lactic acid develop¬ 
ment, reduction in weight and moisture content during ripening, variations 
in pH during ripening, and rate of salt penetration. O.R.T. 

CHEMISTRY 

333. Calcium Content of Fluid Milk. C. II. Robinson, J. IIlynka, F. A. 

Herman, and J. W. McArthur, Dept, of Agr., Ottawa, Canada. 

Canad. Public Health Jour., 38, 5: 236-239. May, 1947. 

The calcium content of fluid milk was determined at weekly intervals 
for 1 year (Oct., 1944-Oct., 1945) from representative dairies in Ottawa, 
Out., Kentville, N. S., and Summerland, B. C., and continuous line charts 
w r ere plotted from the results. There is a suggestion of a midwinter and 
midsummer fall in the curves. Mean values for the three localities were 
117,112, and 139 mg. Ca per 100 ml. milk, respectively, indicating a highly 
significant difference. Milks from individual dairies in Ottawa yielded 
nearly identical mean values, but there was a difference between dairies 
in the other- two areas. 

Other areas might yield calcium values lower than those found in the 
Ottawa data. If an,error of dr 20% is too great for purposes of dietary 
survey, the mean calcium content of the fluid milk for the area under survey 
should be determined. O.E.I. 

33*. Milk Studies. I. Some Vitamin and Trace Elements Found in the 

Colostrum of the Dairy Cow, Beef Cow, and Swine. R. W. 

Luecke, C. W. Duncan, R. E. Ely, E. Jones, A. J. Greene, and 
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C. Tull, Michigan State College, East Lansing. Arch. Biochem., 
13, 2 : 277. May, 1947. 

Essentially the same concentrations of iron, copper, and cobalt were 
found in the colostrum milk of the beef cow and of the Jersey and Holstein 
dairy cow. The iron and copper contents of colostrum from both dairy 
and beef cows were found to be higher than values reported for milk. Caro¬ 
tene and vitamin A contents of colostrum milk from the Jersey cow aver¬ 
aged 0.347 and 0.401 mg./lOO ml., respectively, as compared with 0.100 and 
0.052 mg./lOO ml. in Holstein colostrum, and 0.129 and 0.145 mg./lOO ml. 
in colostrum of the beef cow. H. J.P. 

335. Recherches sur les variations du taux du lactose dans le lait de 

vache pendant le travail. (Studies on the Variations in the 
Lactose Content of Milk of Cattle during Work.) A. Pino. Le 
Lait, 27, 263-264: 113-121. March-April, 1947. 

Physiological evidence indicates that muscle activity and the production 
of lactose in milk are competitive in their demands upon stored sources of 
energy in the animal organism. The possibility that cows which were used 
as work animals would yield milk containing smaller percentages of lactose 
was investigated. Lactose analyses were made on milk samples from 50 
cows at rest, after 1, 2, 3, and 4 hr. work, and after 1, 2, 3, 4, and in some 
cases 5,6, and 7 hr. rest. Only ten of the cows were accustomed to working. 

The lactose content of the milk of both groups declined during work and 
was restored by rest, the diminution being more marked in the group not 
accustomed to working. However, the lactose content of the “working" 
cows was low at all times, in some cases being less than 2%. O.R.I. 

336. Composition of Buffalo Milk Fat. C. P. Anantakrishnan, V. R. 

Bhalerao, and T. M. Paul, Indian Dairy Research Inst., Ban¬ 
galore, India. Arch. Biochem., 13, 3: 389. June, 1947. 

The influence of feeding oils and fats on the composition of buffalo milk 
fat was determined. When a basal ration was supplemented by coconut 
oil and its hydrogenated product, a significant increase in the lauro-myristic 
group and a marked fall in palmitic acid occurred. Cottonseed oil supple¬ 
mentation reduced the amount of the lower saturated acids up to palmitic 
acid and increased the content of oleic and stearic acids. Ingestion of 
groundnut and sesame oils led to an increase in the oleoglycerides of the 
resulting milk fat with a corresponding decrease in palmitoglycerides. The 
selective adsorption of lauro-myristic glycerides by the mammar y gland 
indicates that the mechanism of secretion of fat by buffaloes is almost similar 
to that of cows. H.J.P. 
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337. Direct Estimation of Leucine (Application .to Milk and Certain 

Other Foodstuffs). A. Z. Hodson and G. M. Krueger, Pet Milk 

Co., Greenville, Ill. Arch. Biochem., 12, 3: 435. March, 1947. 

The leucine content of dry skim milk and dry whole milk was deter¬ 
mined by two microbiological methods. Direct assays of unhydrolyzed sam¬ 
ples of skim milk conducted with a “leucineless” mutant of Neurospora 
crassa averaged 4.01% leucine; dry whole milk averaged 3.16% leucine. 
Acid hydrolyzed samples of skim milk assayed with Streptococcus faecalis 
averaged 4.08% leucine, and dry whole milk averaged 3.09% leucine. 

H.J.P. 

338. Preparation and Properties of ‘Serum and Plasma Proteins. XIII. 

Crystallization of Serum Albumins from Ethanol-Water Mix¬ 
tures. E. J. Coiin, W. L. Hughes, Jr., and J. II. Weare, Harvard 

Medical School, Boston, Mass. Amer. Chem. Soc. Jour., 69, 7: 

1753. July, 1947. 

Long chain aliphatic alcohols of 5 or more carbon atoms permitted the 
reproducible crystallization of serum albumins from ethanol-water mix¬ 
tures. Bovine serum albumins crystallized readily over the following range 
of solvent composition: ethanol volume per cent at 25°, 33 to 40; mole frac¬ 
tion, 0.12 to 0.163; ionic strength, 0.32 to 0.65; pH, 5.3 to 5.7; temperature, 
+ 5 to -10° C.; and 10 to 20% protein concentration. Constants defining 
the properties of purified serum albumins are tabulated. H.J.P. 

339. Three Sources of Amino Acids for Niacin Assay. A. R. Kemmerer 

and F. Shapiro, Univ. of Arizona, Tucson. Indus, and Engin. 

Chem., Analyt. Ed., 19, 5: 358-359. May, 1947. 

In the Snell-Wright microbiological assay for niacin, acid-hydrolyzed 
casein has been used as a source of amino acids for the assay organism. This 
comparison of trypsin-hydrolyzed casein and charcoal-treated peptone with 
acid-hydrolyzed casein indicates that any of these sources of amino acids 
will give reliable results. Some characteristics of each" amino acid prepa¬ 
ration are discussed. B.H.W. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

340. Flavor and Color of Sweetened Condensed Milk. G. C. North, 

Beatrice Foods Co., Chicago, Ill. Milk Plant Monthly, 36, 7: 38. 

1947. 

Sweetened condensed milk will possess a fine fresh milk flavor over an 
extended period if the product is made from high quality milk in properly 
sanitized equipment, free of copper contamination, and heated sufficiently 
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to inactivate the enzyme lipase. Rancidity and tallowiness are two possible 
flavors of sweetened condensed milk. Progressive darkening is quite notice¬ 
able when dextrose or corn sirup is used as part of the sweetening agent and 
the product is held at a high temperature. Cool storage is essential in order 
to retard the development of a dark color. G.M.T. 

341. Sources of Sediment in Bulk Sweetened Condensed Milk. C. A. 

Day, The Bennett Creamer}' Co., Ottawa, Kans. Milk Plant 

Monthly, 36, 8: 66, 68, 70. 1947. 

Sediment or extraneous matter may get into condensed milk from any 
of the following sources: (a) poorly cleaned equipment, (b) rust and sedi¬ 
ment from water and steam pipes, (c) washing powders, (d) scouring pads, 
steel wool, metal sponges, brushes, and abrasives, (e) empty bungless bar¬ 
rels, (f) insects and rodents, (g) sugar sacks, and (h) sugar. G.M.T. 

342. Observations on the Viscosity of Sweetened Condensed Milk. B. II. 

Webb, Division of Dairy Research Laboratories, Bureau of Dairy 

Industry, U. S. Dept, of Agr. Milk Plant Monthly, 36, 7: 48, 50, 

52. 1947. 

Viscosity is one of the important indications of quality in sweetened 
condensed milk. The more heat to which sweetened condensed milk is sub¬ 
jected after condensing, the more viscous will the milk become. The vis¬ 
cosity increases with temperature and time of holding. Lower forewarning 
temperature (160° F.), adding cane or beet sugar at the close of the con¬ 
centration process, avoidance of overheating toward the end of the process, 
avoidance of super-heating, cooling properly after condensing, and storing 
at a low temperature (60° F. or under) tend to keep the viscosity of the 
final product at a minimum. G.M.T. 

343. Changes in the Essential Amino Acid Content of the Proteins of Dry 

Skim Milk on Prolonged Storage. A. Z. Hodson and G. M. 

Krueger, Pet Milk Co., Greenville, Ill. Arch. Bioch^m., 12, 1: 51. 

Jan., 1947. 

The essential amino acid content of freshly processed spray-dried skim 
milk was compared with that of dry skim milk stored at room temperature 
' for 51 months in loosely covered containers. Microbiological assay showed 
that only those samples which had become dark and unpalatable had marked 
losses of arginine, histidine, lysine, and methionine. Insignificant differ- 
erences in amino acid composition were noted when old,samples retained 
their white color, fresh taste, and appearance. • • H.J.P. 
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344. The Manufacture of Cultured Buttermilk. W. I. Tretsven, Dairy 

Advisory Service, Chicago, Ill. Milk Plant Monthly, 36, 7: 24-26, 

28. 1947. 

The methods of making cultured buttermilk on a large scale are dis¬ 
cussed. This body, whey separation, and presence of gas can be overcome 
by proper processing and handling. Stabilizers are suggested for increas¬ 
ing viscosity and preventing whey separation. Flavor may be enhanced 
by addition of 0.2% sodium citrate to the skim milk before pasteurization, 
and by addition of cream and a small amount of salt. G.M.T. 

345. Manufacturing Cultured Sour Creams, Including a Nonperishable 

Cultured Sour Cream. W.J. Tretsven, Dairy Advisory Service, 

Chicago, Ill. Milk Plant Monthly, 36, 8 : 24—26, 40. 1947. 

Producing a good cultured sour cream consistently day after day is a 
problem. The manufacturing procedure involves using a cream contain¬ 
ing 15-25% fat, pasteurizing at 180° F. for 30 min., homogenizing at 3,000 
lb. pressure at the pasteurization temperature, cooling to 70° F., inoculating 
with 0.5% culture, ripening from 10-18 hr., and then packaging. Viscosity 
sometimes is increased by the addition of spray-dried nonfat dry milk or 
concentrated skim milk. Rennet extract sometimes is used where homogen¬ 
izing is not practiced. Gelatin (0.3%) may be used to increase viscosity, 
prevent whey separation, and impart other desirable qualities to the cul¬ 
tured cream. Other stabilizers may be used to prevent whey separation. 

G.M.T. 

346. The Utilization of Whey. B. II. Webb and E. O. Whittier, Divi¬ 

sion of Dairy Research Laboratories, U. S. Dept. Agr. Milk Plant 

Monthly, 36, 8: 88, 90, 92. 1947. 

The authors have surveyed the field and present graphically, giving 
brief description and citations, 25 different ways in which whey may be 
utilized. G.M.T. 

347. What Can Be Done With Whey? M. D. Sanders, Swift & Co., Chi¬ 

cago, Ill. Milk Plant Monthly, 36, 7: 44, 46. 1947. 

Tremendous quantities of whey go to waste each year because of lack 
of means of economical utilization. The solution to the whey problem would 
be a large commercial outlet for the whey solids and a simple and economical 
means of processing the whey suitable for small cheese plants handling 10 
to 20 thousand pounds of mjlk per day. As yet no outlet has been developed 
which will absorb the cost of transportation of raw whey or processing 
at the source. Numerous methods of utilizing whey in various by-products 
are given, but as yet these dispose of only a small percentage of the whey 
available. G.M.T. 
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DISEASES 

348. The Resistance of Chronic Staphylococci Bovine Mastitis to Mas¬ 

sive Penicillin Therapy. E. C. McCulloch. Amer. Jour. Vet. 

Res., 8, 27: 173-177. April, 1947. 

Treatment of 10 quarters of 7 cows chronically infected with Staphy¬ 
lococcus aureus served to test the efficacy of massive, repeated infusions 
of penicillin. Intramammary infusion of a total of 400,000 units per quar¬ 
ter, given in 4 infusions of 100,000 units at approximately 12-hr. intervals 
after each of 4 successive milkings, was followed by only a temporary re¬ 
duction in number of staphylococci shed in the milk of treated quarters. 
There was no evidence of irritation due to the large amounts of the drug 
used, and milk yields were not significantly reduced following series of 
infusions. T.M.L. 

349. Milk Fever (Parturient Paresis) as a Manifestation of Alkalosis. 

A. H. Craige, Jr., and I. V. Stoll. Amer. Jour. Vet. Res., 8, 27: 

168-172. April, 1947. 

In a study of 12 cases of milk fever, evidence shows that treatment by 
calcium gluconate relieves acute symptoms rather rapidly and effectively, 
but the characteristic hypocalceinic condition often persists for some time. 
In an effort to supplement the present calcium gluconate treatment and to 
raise the blood calcium levels more rapidly, Chlor-Ethamine was given orally 
after the animals had regained locomotion. There is some indication that 
this treatment may be very useful, especially on animals that are subject 
to frequent relapse after an apparent cure. 

Although hypocalcemia is a characteristic symptom of milk fever, it 
probably is not the fundamental physiologic defect; however, it appears to 
be secondary to a parturient alkalosis. T.M.L. 

350. Vibronic Abortion in Cattle. W. N. Plastridge, L. F. Williams, 

and Dorothy Petrie. Amer. Jour. Vet. Res., 8, 27: 178-183. 

April, 1947. 

The examination of 72 fetuses from slaughtered cows of herds suspected 
of having vibrionic abortion revealed that 20 animals were positive for the 
infection. The annual abortion rate in 10 herds infected with “vibrio 
factus” averaged about 12%. Some evidence indicates that infection with 
“vibrio factus” also influences conception. Bulls may contract the disease. 
At the present time the method of detecting the infection by the agglutina¬ 
tion test is not so accurate as that for Bangs’ disease. T.M.L. 
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351. New Sanitary Practices and Controls. M. G. Pederson, El Paso, 

Tex. Internatl. Assoc. Ice Cream Mfrs., Prod, and Lab. Council 
Proc., 2 : 7-14. 1946. 

Water may become a source of a bad sediment pad in ice cream. Air 
may be important, especially if the plant is located along an alley, if coal 
is handled in the plant, or if dusty streets are located near the plant. Air 
may be checked by filtering plant air through a filter cloth attached to a 
vacuum cleaner. Sediment may come from any ingredient of the mix, 
cleaning compounds, equipment, or packages. 

The sanitarian looks closely at the hands and clothes of the employee 
and looks almost as closely at the clean-up job done at the end of the day’s 
work. Flies may be controlled by the use of DDT; a 5% solution in oil or 
water emulsion will last for 9 days to 6 weeks. For other insects such as 
roaches and ants, rotenone and fluoride are recommended since DDT is not 
a cure-all for roaches. Proper plant construction may eliminate many of 
these pests. The several chemicals used by the Army during the war for 
control of rats are not effective against mice; nor will the construction of 
the building keep all of these out. P.S.L. 

352. The Future of Concentrated and Dry Ice Cream Mixes. R. J. 

Remaley, Kraft Foods Co., Chicago, Ill. Ice Cream Trade Jour., 
43, 6: 68. June, 1947. 

Concentrated and dry ice cream mixes were made in large quantities dur¬ 
ing the last years of World War II.' These products would keep for about 
4 months at 100° F., but the life of the product could be increased by storing 
at a lower temperature. Since the war sales to the housewife and to the 
small ice cream manufacturer are increasing. When sugar and milk solids 
become more available, the small manufacturer may tend to discontinue 
the use of dry ice cream mix. In some places city ordinances requiring 
pasteurization of the reconstituted products before freezing have interfered 
with sales. Central and South American countries may provide enormous 
markets for these products. 

The future for dry ice cream mix appears bright provided a good quality 
product is maintained and sales are regulated to insure freshness of the 
product. Workable regulations and a realistic attitude toward the economy 
of exportation will help promote the sale of concentrated and dry ice cream 
mix. W.H.M. 

353. Com Sweeteners, Their Place as an Ingredient in Our Post War 

Ice Cream. Anonymous. Ice Cream Rev., 30, 12: 45. July, 
1947. 

Scientists from many of the leading dairy schools, with a few important 
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exceptions, believe that corn sweeteners have won for themselves a perma¬ 
nent place in our postwar ice cream. Some of the reasons advanced are: 
(a) Corn sugar and corn sirups in particular definitely improve the body 
texture of ice cream, (b) They make it possible to build up the total solids 
of the mix at a reasonable cost with less danger of sandiness, (c) They 
facilitate the production of the heavier bodied, smooth-textured ice cream so 
much in demand at the present time, (d) The use of suitable combinations 
of sweetening agents makes it possible for the ice cream manufacturer to 
control the firmness and relative sweetness of ice cream, (e) Corn sweeten¬ 
ers normally are a relatively cheap source of solids. 

Possible drawbacks to the continued use of corn sweeteners are: (a) 
Their use complicates the mix-making procedure by introducing one or more 
additional ingredients, (b) It is inconvenient to handle corn sirups in 
small plants, (c) Some types of dried com sirups are difficult to handle 
because of their tendency to lump and cake during storage, (d) Some may 
impart an objectionable color or flavor to ice cream. Despite some possible 
draAvbacks to the use of corn sweeteners in ice cream, it generally is agreed 
that these products permanently will supply a part of the sugar solids in 
the postwar ice cream. W.J.C. 

354. Method of Manufacturing Ice Cream and Product Thereof. B. 

Nelson. (Assigned to Lanco Products Corp.) U. S. Patent 
2,423,613, July 8, 1947 (17 claims). U. S. Patent Office Off. Gaz., 
600, 2: 256. 1947. 

An ice cream ingredient consisting of a mixed glycerol diester of a higher 
fatty acid and an aromatic carboxylic acid is described. R.W. 

355. Latest Developments in Hardening Ice Cream. R. H. Thoke, Chi¬ 

cago, Ill. Internatl. Assoc. Ice Cream Mfrs., Prod, and Lab. Coun¬ 
cil Proc., 2: 15-18. 1946. 

The older methods of hardening ice cream by means of ceiling, wall, 
and shelf ammonia pipes, with periodic defrosting, are messy and damaging 
to the building construction and insulation. The blast system of air circula¬ 
tion is objectionable to cooler labor. The unit cooler or blower system is 
sure to replace the older method because it is efficient, provides quick hard¬ 
ening, and is space saving. Defrosting of this newer system may be accom¬ 
plished by : (a) intermittent water spray over the coil bank, (b) intermittent 
recirculation of warm air over the coil bank, and (c) continuous defrosting 
by recirculation of calcium brine over the coil bank. Cold air direction is 
well guided by using air ducts or, even better, by using draftless outlets 
such as anemostats. The use of tunnels at -40 to -50° F. with high air 
velocity for quick hardening of packaged goods may have serious economic 
disadvantages. Texture of ice cream is not improved by such treatment. 

P.S.L. 
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356. Latest Developments in Hardening Ice Cream. J. B. Orrell, 

Philadelphia, Pa. Internatl. Assoc. Ice Cream Mfrs., Prod, and 

Lab. Council Proc., 2: 18-23. 1946. 

At one time the plant described used for hardening packaged ice cream 
a conveyor belt 6 ft. wide and 40 ft. long. This was discarded to save space. 
Skids now are used for carrying the ice cream and it is hardened at -40° F. 
In the hardening room, vertical bins are used which permit separation of 
flavors but which require a 14-ft. ceiling. By this means a room may be 
cooled by using 26,000 ft. of 1.25-in. coils, where in the past 45,000 ft. of 
2-in. coils were used in the same space. A suction header for these coils 
is placed near the ceiling. This arrangement permitted an increase from 
12,145, 2.5-gallon can capacity to 23,000, and from 1,292 to 2,920 sq. ft. of 
floor space. Much more space may be occupied by ice cream by using the 
vertical coil. The actual gain was 3.7 quarts per cu. ft. over the old system, 
or approximately 50%. Snow collecting on the coils easily may be scraped 
off or even swept off. To install this system, considerable height in the 
room is required. Rooms are maintained at -20° F. For hardening brick 
molds, the molds are cut at -15° F. Bulk ice cream can be hardened in 
8 to 10 hr., although to accomplish this, temporary blowers are placed in the 
aisles of the hardening room each night. P.S.L. 

357. Latest Developments in Hardening Ice Cream. II. Bitter, Toronto, 

Canada. Internatl. Assoc. Ice Cream Mfrs., Prod, and Lab. Coun¬ 
cil Proc., 2: 23-25. 1946. 

See Abs. 220, Jour. Dairy Sci., 30, 7: A97. July, 1947. 

358. Fruit Purees, Frozen Fruit Desserts and Velva Fruit. E. II. Wie- 

gand, Food Technology Dept., Oregon State College, Corvallis. 

Tee Cream Rev., 30, 12: 52. July, 1947. 

Specific directions for the preparation of fruit purees and for their use 
in the manufacture of frozen fruit desserts and Velva fruit are presented. 
A simple frozen puree, prepared by the freezing of pulped fruit with or with¬ 
out added sugar, is best adapted for use in ices and sherbets, Velva fruit, 
and soda fountain flavors. The pectinized puree, which is used in the pro¬ 
duction of ribbon ice cream, also can be used directly in the manufacture 
of fruit iee cream without further treatment. Detailed directions are given 
for the preparation of a pectinized puree, frozen puree desserts, and Velva 
fruit. W.J.C. 

359. Developing Maximum Fruit Flavors in Ice Cream. D. G. Sorbkr, 

Albany, Calif. Internatl. Assoc. Ice Cream Mfrs., Prod, and Lab. 

Council Proc., 2; 26-40. 1946. 

Some fruits are outstanding in flavor and at least 20 kinds are suitable 
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for ice cream manufacture. Pull maturity is essential for full flavor devel¬ 
opment. A disadvantage is that the fruit must be handled very carefully; 
it is difficult to harvest such fruits as apricots and peaches at one time 
because they do not ripen uniformly. Soft fruits may be prepared as 
purees; boyBenberries ripen so rapidly that they can only be pureed. Since 
a portion of the peel aids the flavor of a peach, this fruit must be de-fuzzed 
before freezing. More fruits are adapted to pureeing than to crushing. 
Cantaloupes •will oxidize rapidly if exposed to air and, therefore, are pre¬ 
pared by the use of a disintegrator which will blanket them from air. Cop¬ 
per and copper alloys and iron must be avoided. Iron and tannin form a 
gray dolor in ice cream. Zinc forms poisonous salts. Stainless steel is the 
best metal to use. , 

Peaches darken easily with exposure to oxygen and 0.25% ascorbic acid 
may be added as a preventative, although 0.10 to 0.15% may be sufficient. 
Number 10 tins to 30-lb. tins are highly desirable for peaches. This fruit 
may be frozen at -10° F. and stored at 0° F. or below. They should be 
defrosted at 40° F. and as long as 2 or 3 days allowed for thawing to pre¬ 
vent the definite flavor change taking place at higher temperatures. Apri¬ 
cots are important as frozen fruits, although the variety is not so important. 
The best are tree ripened and, when crushed, make a good topping. 

Avocados may be used to a limited extent, although they darken easily. 
Fresh bananas may be frozen, and it appears that there will be an abundance 
of tree-ripened bananas soon. Blackberries vary greatly in quality. Boy- 
senberries, loganberries, Johnsonberries, and Wilsonberries are of the same 
lineage as the blackberry. Cantaloupes are highly aromatic, can be pureed, 
and are high in vitamin C, but they must be protected from air or vitamin C 
will be destroyed. Both sweet and sour cherries may be frozen successfully 
but not so successfully pureed. Cranberry pulp, 1:1, is good frozen. The 
Guava contains as high as 1% vitamin -C and comes in many varieties. 
Mangos have a highly aromatic flavor and probably a future as a puree. 
Nectarines are smooth-skinned peaches more pronounced in flavor, useful 
with peaches, and one variety is fine for sherbets. The orange is the most 
common flavor for sherbets. The passion fruit offers great possibilities as 
an-ice cream fruit. Tangerines form an excellent sherbet base. The Santa 
Bose plum and the red raspberry are well adapted for freezing. P.S.L. 

360. Do Winter Ice Cream Supply Shopping Early. C. D. D attt.fi . Ice 
Cream Field, 50, 1: 40, 43, 44. July, 1947. 

Plastic cream, butter, butter oil, and frozen cream are available and 
now are being purchased for storage. The main point to consider in such 
purchases is “quality” and the factors affecting quality. 

It is recommended that 92 or 93 score butter made from sweet cream 
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pasteurized at 170° F. for 30 min. be stored at 6° F. or lower. Plastic 
cream is more popular than butter for use in ice cream. Brief mention is 
made of •butter oil and frozen cream. For best results, not over 50% of 
the fat in ice cream should come from the stored products mentioned here. 
Care also should be taken to prevent “oiling off”; if it does occur, the use 
of 0.10% glycerol monostearate or 0.30 to 0.50% dried egg yolk or its 
equivalent will restore whipping properties of mixes to normal. W.C.C. 

361. Should We Lease or Own Retail Stores. Anonymous. Ice Cream 

Rev., 30, 12: 114. July, 1947. 

When the question of store ownership vs. leasing was put to a group of 
operators of retail, ice cream stores, opinions expressed were divided. In 
general the operators of a small number of stores who had been able to pur¬ 
chase suitable locations at a reasonable cost favored store ownership. On 
the other hand, operators of a large number of retail ice cream stores 
favored leasing rather than owning the property, believing that capital 
invested in real estate is less productive than when used to provide addi¬ 
tional sales outlets for ice cream. 

The trend among chain store organizations, as well as among the opera¬ 
tors of a large number of retail ice cream stores, is toward leasing rather 
than ownership of the property. One organization on the West coast re¬ 
ports that they are in the process of selling their stores and taking back 
long-term leases on these same holdings, thereby releasing capital for further 
expansion. In the opinion of the operator it is not economically sound for 
a company with more than 5 stores to put its money into real estate. By 
turning over all leasing arrangements to a firm specializing in the develop¬ 
ment of chain store properties, this company has reduced the cost of its 
leases from an average of 12% to 7% per year. W.J.C. 

MILK 

362. Pasteurizing Plant Operations in Small Towns. Anonymous. 

Milk Dealer, 36, 9: 45, 46,108-112. June, 1947. 

America’s new frontier for operators of milk pasteurizing plants, appar¬ 
ently, lies in the nation’s rural communities of 800 to 1,500 population 
where raw milk has reigned supreme and consumer resistance to change 
consistently has thwarted the venturesome pasteurized milk distributor who 
sought the necessary business volume to make a pasteurization plant pay. 
The experiences of the Ambrose Dairy in Cornell, Wisconsin, are related 
to show the principal problems confronting the small dairy operator in a 
small community and how such problems may be solved. These problems 
include: (a) obtaining adequate financing of an improved business venture; 
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(b) overcoming what is sometimes called ‘‘The Psychology of the Small 
Town”; (c) management; (c) quality control; and (e) product diversifi¬ 
cation. *C.J.B. 

363. Clean and Cold. Essentials in the Production of Quality Milk. 

H. L. Pendleton, Massachusetts Dept, of Agr. Milk Plant 
Monthly, 36, 7: 73-74. 1947. 

Two essentials for production of high quality milk are cleanliness of pro¬ 
duction and immediate and maintained refrigeration. Proper sanitation 
of all utensils with which milk comes in contact is imperative. Storage of 
rubber inflations in lye solution is recommended. Wetting agents have the 
property of penetrating the surface of rubber and thus are being used in 
the cleaning of milker inflations. The brushless age of dairy sanitation 
rapidly is approaching. G.M.T. 

364. Ten Common Causes of Excessive Sediment in Milk. Part 7. Sedi¬ 

ment in Rinse Water. C. B. A. Bryant, Johnson and Johnson, 
Chicago, Ill. Milk Plant Monthly, 36, 8: 98, 100-101. 1947. 

The type of sediment sometimes found in milk may indicate that its 
source may be coming from the rinse water. Farm tests have shown that 
the rusty appearing sediment may get in the milk from pipes through the 
water used for rinsing. G.M.T. 

365. Is Mrs. Housewife Continuing to Buy Your Chocolate Flavored 

Milk? 0. F. Bowey, Boweys, Inc. Milk Dealer, 36, 9: 58-60. 
June, 1947. 

The increase which has taken place in the use of chocolate flavored milk 
and the factors influencing its quality, price, and merchandising are dis¬ 
cussed. C.J.B. 

366. What’s the Outlook for Paper Containers? J. L. Dolphin, Seal- 

right Co., Inc. Milk Dealer, 36, 8: 52-58. May, 1947. 

The paper shortage largely is due to the fact that many industries that 
swung over to paper during the war, through necessity, are staying with 
paper because of convenience. This applies especially to shipping cartons. 
During the war additional paper mills and machinery for making paper 
could not be built; it takes 3 years to build a paper mill mid to get raw 
materials, such as pulp, together. Expansion programs currently being 
executed will produce an additional 3 million tons of paper and paper board 
per year beginning with 1947, as compared to the capacity in 1945. 

C.J.B. 
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367. Quaternary Ammonium Compounds as Preservatives for Milk. 

C. K. Johns and H. V. Pritchard, Science Service, Dept, of Agr., 
Ottawa, Canada. Canad. Pub. Health Jour., 37, 12: 500-504. 
Dec., 1946. 

The possibility that quaternary compounds might be used as milk pre¬ 
servatives by unscrupulous persons has prompted this study. Four com¬ 
mercial compounds were compared with formaldehyde at their “critical 
con^ntration”, i.e., the amount in p.p.m, which could just be tasted after 
holding in fresh raw milk for 18 hr. at 60° F. These concentrations ranged 
from 70 to 560 p.p.m. for the four products. Formaldehyde could be de¬ 
tected at 25 p.p.m. 

To determine the preservative effect at these concentrations, samples of 
fresh, raw milk were held at 60° F. for 18 hr. and then plated by the stand¬ 
ard method. Methylene blue and resazurin reduction times also were de¬ 
termined. The four quaternary compounds were very much less efficient 
preservatives under these conditions. While each of them exerted a slight 
bacteriostatic action, these were extremely limited when compared to for¬ 
maldehyde. The resazurin color numbers after 3 hr. incubation afforded a 
less variable indication of relative bacteriostasis than was furnished by the 
plate count and was somewhat more sensitive to small differences than was 
the methylene blue reduction time. . O.li.I. 

368. What Can Be Done to Even up Yearly Milk Production. R. Cowan, 

Seattle Milk Producers’ Assoc., Seattle, Wash. Milk Dealer, 36 , 
8: 70-74. May, 1947. 

The following plans for evening up yearly production of fluid milk by 
producing dairymen are discussed: (a) Base and excess (surplus) plan; 
(b) straight contract with producers for a certain amount of milk each day 
the year around; and (c) increasing the price in the fall and winter months 
sufficiently over the spring price to encourage fall and winter production. 

The base and excess plan has been in use for many years, and over a 
period of years it works toward the evening up of production, although not 
perfectly. The straight contract plan seems more adaptable to markets 
with large herds. Increasing the price in the fall and winter months would 
get results but probably would work only where there is a Federal Milk 
Marketing Order. “An even flow stabilizes the industry for both city 
milk producer, the factory producer, and it is the best assurance the con¬ 
sumer has to get quality milk at reasonably stabilized prices. ’’ C. J.B. 

369. Homogenized Milk, Concentrated Milk Products and Other Devel¬ 

opments. C. A. Iverson, Dept, of Dairy Indus., Iowa State Col¬ 
lege. Milk Dealer, 36, 8 : 49, 50, 84-88. May, 1947. 

See Abs. 303, Jour. Dairy Sci., 30 , 9: A129. Sept., 1947. 
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370. Milk Plant Accounting. F. W. Root, Woodlawn Farm Dairy, 

Wilkes-Barre, Pa. Milk Dealer, 36, 8: 46, 112-117. May, 1947. 

The relation and contribution of milk plant accounting to efficient man¬ 
agement are discussed. Answers must be found to the following questions: 
(a) Are operations burdened with excessive charges for taxes, insurance, de¬ 
preciation thus making the initial plant cost too high? (b) Are labor costs 
too high due to the plant being too large or too small for the volume handled ? 
(c) Does labor maintain a fair standard of productive performance ? Are 
the new employees carefully instructed as to their work and is the super¬ 
vision adequate to maintain maximum performance? Are there any over¬ 
manned operations? (d) Is the plant designed for the most efficient method 
of handling operations? (e) Is the plant over-equipped, thus causing 
excess repairs and clean-up time? Are capable engineers available in the 
event of a breakdown? (f) Are supplies, such as cleaning, bottle caps and 
hoods, repair parts, and bottles, under inventory control so that amounts 
used can be checked against actual requirements for the volume handled? 
(g) Is there a daily accounting for products received, processed, and sold ? 
Do these reports permit the detection of waste? (h) Do steam, refrigera¬ 
tion equipment, and motors throughout the plant have capacities for the 
most economical operation? Is the maintenance of all equipment on a 
routine basis which will insure a minimum of interrupted operations? 

In conclusion the author states that the accountant can contribute to 
efficient management by becoming an interpreter instead of a recorder of 
business information. He should interpret in terms of the future and thus 
give management an opportunity to prepare for changes; he should become 
a cooperative finder of facts instead of a seeker of faults. C.J.B. 

• 

371. Competing for the Consumer’s Dollar. W. Gerber, Whiting Milk 

Co., Boston, Mass. Milk Dealer, 36, 8: 152-155. May, 1947. 

The nation is drinking 30% more milk than ever before. The opening 
half of 1946 may be characterized as a highly sheltered seller’s market. 
Price controls remained on milk and other dairy products while other so- 
called “market basket items” were freed of restrictions. Faced with higher 
costs, the housekeeper had to use more milk, cream, butter, and cheese. Dur¬ 
ing the war years, too, the public became accustomed to using more dairy 
products to compensate for the shortages of other basic food staples. Ser¬ 
vicemen and women came back from the war drinking more milk than ever 
before. 

The approach to the problem of maintaining and increasing Bales is dis¬ 
cussed under the following heads: (a) The available market must continue 
to be educated to the value of milk, the need for increased consumption, and 
new ways of using milk by means of «an all-out advertising campaign em¬ 
bracing all tested media, (b) We must redevelop selling skills. O.J.B. 
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372. Device for Dispensing from an Inverted. Milk Can. L. Bethke. 

(Assigned to Solar-Sturges Mfg. Co.) U. S. Patent 2,423,679, 
July 8, 1947 (7 claims). U. S. Patent Office Off. Gaz., 600, 2: 
272. 1947. 

A device is described which clamps into the neck of milk cans, forming a 
base or support for the can when inverted and providing an air inlet and a 
valve-controlled spout for dispensing the liquid contents. R.W. 

PHYSIOLOGY 

373. Cobalt Metabolism Studies. III. Excretion and Tissue Distribu¬ 

tion of Radioactive Cobalt Administered to Cattlel C. L. Comar 
and G. K. Davis, Florida Agr. Expt. Sta., Gainesville. Arch. 
Biochem., 12, 2: 257. Feb., 1947. 

When purebred Jersey steers on an adequate diet were fed labeled cobalt, 
80% of the dosage was eliminated in the feces and 0.5% was found in the 
urine. Relatively high concentrations in the small intestine and intestinal 
lymph glands indicated the probable route of absorption. The liver w T as 
the chief storage organ; an animal sacrificed 5 days after cobalt ingestion 
contained 0.4% of the dose in the liver. 

Labeled cobalt injected into the jugular vein disappeared rapidly from 
the blood; 65% of the dose was eliminated in the urine and about 30% in the 
feces. General distribution throughout the tissues occurred; up to 46% of 
the dose was found in the liver with subsequent excretion via the bile. High 
concentrations were found in the glandular organs. Small amounts of 
labeled cobalt appeared in the abomasum contents but practically none in the 
contents of the other stomach compartments. Cobalt administered by in¬ 
jection or fed to pregnant cows was transmitted across the placenta, pri¬ 
marily for storage in the liver of the fetus. The amount reaching the fetus 
is so small, however, that its significance as a reserve is open to question. 

H.J.P. 

374. A Galactogen from Beef Lung. M. L. Wolfrom, D. I. Wkisblat, 

and J. V. Karabinos, Ohio State Univ., Columbus, Ohio, and 0. 
Keller, Hoffman-LaRoche, Inc., Nutley, N. J. Arch. Biochem., 
14, 1*2:1. July, 1947. 

A dextrorotatory galactogen from beef lung was isolated and character¬ 
ized. The polysaccharide is different from that obtained from the snail 
Helix pomatia. H. J.P. 

SANITATION AND CLEANING 

375. Developments in Cleaning Compounds for the Dairy Industry. L. 

H. Minor, J. B. Ford Division, Wyandotte Chemicals Corp. Milk 
Dealer, 36, 9: 49-56. June, 1947. 
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The developments in cleaning compounds for the dairy industry have 
been correlated closely with the improvement in methods of sanitation for 
the purpose of safeguarding public health. Forty-six years ago the use of 
modified soda cleaners for cleaning solutions eliminated soapy off-flavors in 
milk. Later the pasteurization of milk was accompanied by new cleaning 
problems which were solved by including silicates and simple phosphates in 
cleaning compounds. Another advance was made when it was found that 
the chemicals known as polyphosphates would sequester the mineral sub¬ 
stances contained in hard water, thus preventing the formation of the un¬ 
desirable precipitates. Still later the materials known as surface active or 
wetting agents "were found to assist in obtaining a more rapid penetration of 
cleaning solutions into milk residues. 

The progress made during the past 45 years in the flavor, quality, and 
sanitary control of milk and its products should be an inspiration for still 
greater improvements in "cleaning, washing, standardizing, and development 
of germicidal products. C.J.B. 

376. Photocolorimetric Method for Determination of Quaternary Am¬ 

monium Salts. E. L. Colichman, Turco Products, Inc., Los 
Angeles, Calif. Indus, and Engin. Chem., Analyt. Ed., 19, 6:430- 
431. June, 1947. 

A method is described which consists of forming the quaternary am- 
monium-bromophenol blue salt in carbonate solution in the presence of an 
excess but definite critical concentration of dye. The color intensity of the 
solution is measured directly by photoelectric colorimeter without extracting 
the colored complex with an organic solvent. The difficulties associated with 
the use of organic solvents in extraction of eolor thus are avoided. 

B.HAV. 

377. Sanitation at the Soda Fountain. C. J. Palmer, Soda Fountain 

Manufacturers Assoc. Ice Cream Rev., 30, 12: 60. July, 1947. 

The road to a greater prosperity for soda fountain operators is through 
the operation of a clean, attractive soda fountain. The growing conscious? 
ness on the part of the consuming public of possible dangers of infection 
from spoons, glasses, and similar utensils which have not been properly 
cleaned and sterilized is causing the public to withdraw its patronage from 
eating places which are not kept spic and span. Soda fountain operators 
who do not read the handwriting on.the wall and see that their operations 
are above any possible criticism by a discriminating public will find them¬ 
selves without customers. It simply is good business to establish voluntarily 
a reputation for cleanliness and sanitation. Additional patronage and the 
resultant higher profits which come to the clean, neat, attractive soda foun- 
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tain far outweigh the extra time, effort, and expense necessary to maintain 
such hn operation. The sanitation program must start with the thinking of 
management and becomes a reality only when steps are taken to get results. 
, W.J.C. 

378. Methods of Washing, Sterilizing and Drying Cans. Y. Schwarz¬ 

kopf, The Lathrop-Paulson Company, Chicago, Ill. Milk Plant 
Monthly, 36, 7: 30-32, 34, 46, 53. 1947. 

The best method of washing, sterilizing and drying cans is the one which 
will most completely and economically remove or destroy bacteria present, 
remove the oil or milk solids, dry the can, protect the tin coating, and keep 
the can free from water and milk stone. The designer of can washers must 
know the following with regard to the cleaning compound which is used: 
(a) its reaction with water hardness, (b) its reaction with milk solids and 
milk fats, (c) optimum temperatures of use, (d) critical temperatures of 
use, (e) rinsing characteristics, and (f) effect on surface tension of the rinse 
water. The conventional method employing alkali detergent and the con¬ 
servation method employing non-alkaline or acid cleaner now are used for 
washing, sterilizing and drying cans. The chief difficulties with the conven¬ 
tional method are: (a) continued re-use of the wash water, (b) failure to 
treat rinse water to prevent scale deposit, (c) high costs because of large 
volume of hot rinse? water, (d) excessive residue contained in the finished 
cans, and (e) low’ efficiency in destroying bacteria because of low tempera¬ 
tures. With the conservation method, relatively clean w r ash w r ater is used 
continuously; hot water is treated to prevent lime deposit; pumps, pipe lines, 
and machine are at maximum efficiency since there is no accumulation of 
lime deposits; cans are more nearly sterile because of high temperature with¬ 
out stone formation ; residual alkali is kept at a minimum; and costs of water 
and steam are cut in half. fl.M.T. 

379. Control of Some Insects Affecting Farm Dairying. B. II. Fisher, 

College of Agriculture, University of Wisconsin, Madison. Milk 
Dealer, 36, 9: 140-144. June, 1947. 

The following sanitation operations are given for making the control of 
houseflies, stable flies, and homflies easier and cheaper: (a) Have well- 
drained barnyards; flies breed in puddles of decaying straw and similar 
material, (b) Remove manure frequently (each day if possible) and spread 
it on the fields, (c) Place straw and hay stacks so that their bases are not 
continually wet; flies breed in wet straw and hay stacks, (d) Construct 
privies with a concrete vaunt, a lid on seat, a self-closing door, and screen 
to cover openings for light and ventilation, (e) Keep garbage cans covered, 
(f) Use screens on barn and milk house windows. Directions are given for 
using DDT to control flies and cattle lice. C. J.B. 
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380. Bottle Washing Problems. D. H. Jacobsen, Cherry-Burrell Corp., 

Chicago, Ill. Milk Dealer, 36, 9: 154-158. June, 1947. 

Bottle washing is discussed under the following headings: soaker washer 
problems, importance of temperature, bottle washing compounds, scale pre¬ 
vention, cloudy bottles, bottle etching, and alkalis and lubrication in soaker 
washer. The author concludes that until uniform standards are established, 
it is well for milk plant operators to follow local standards on caustic con¬ 
centration and then choose bottle washing compounds which provide the 
maximum in bottle-cleaning efficiency. The importance of free rinsing and 
scale-free operation also should be kept in mind. C.J.B. 

381. Method of Cleaning Containers. M. E. Parker and W. Bonewitz. 

(Assigned to P. W. and B. M. Bonewitz.) U. S. Patent 2,424,049, 

July 15, 1947 (2 claims). U. S. Patent Office Off. Gaz., 600, 3: 

437. 1947. 

A method of cleaning containers, such as milk cans, is described which 
employs an aqueous solution of an organic acid at a temperature in excess 
of 190° F. to prevent accumulations of calcium and magnesium solids. 

R.W. 


MISCELLANEOUS 

382. Glass Block for Exterior Walls. Anonymous. Milk Dealer, 36, 8: 

47,106. May, 1947. 

Glass block is particularly suited to milk processing plant use because it 
is impervious to moisture and water and is easily cleaned. It diffuses the 
light into the room, giving uniform illumination, has high insulation value, 
helps prevent infiltration of dust and dirt, and improves sanitation. Glass 
block has a ‘‘modern look” and is as modern as it looks. C.J.B. 

383. Eliminating Fuel Waste. II. D. Elfreth and A. MacIIarg. Coch¬ 

rane Corp., Philadelphia, Pa. Milk Dealer, 36, 9: 92-94. June, 

1947. 

The service engineer in his routine calls on power plants frequently is 
astonished at what appears to be a disregard of fuel saving possibilities in 
the average plant. He frequently notices that: (a) Exhaust steam is being 
discharged to the atmosphere instead of being used in a feedwater heater 
to raise the boiler feed temperature, (b) High temperature condensate is 
being discharged into low pressure receiving tanks vented to atmosphere or 
into open hotwells. (c) The blowdown from boilers is being discharged di¬ 
rectly to waste instead of through a heat-reclaiming system, (d) Even in 
plants where feedwater heating equipment has been installed, faulty instal- 
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lation or operation occasionally prevents the securing of the saving for 
which the unit was purchased. 

The following is suggested as a check list in determining the savings pos¬ 
sible in any particular plant: (a) Maintain a high feedwater temperature, 
(b) Recover the heat in boiler blowoff water, (c) Return all condensate to 
the boiler, (d) Reduce moisture content of steam, (e) Check boiler water 
treatment, (f) Keep on the watch for steam and hot water leaks, (g) Pro¬ 
vide insulation or lagging, (li) Practice preventive maintenance. 

C.J.B. 

384. New Developments in the Field of Refrigeration. W. H. Martin, 

Dept, of Mechanical Engineering, Oregon State College. Milk 

Dealer, 36, 9: 134-138. June, 1947. 

Evaporating temperature, discharge pressure, and capacity need to be 
watched to guard against inefficient refrigeration operation. Rules govern¬ 
ing these conditions are given. After discussing the evaporation condenser, 
moisture in refrigeration systems, and refrigeration system controls, the 
author presents a table showing comparative data for 1 ton, 200 BTU per 
min. installation, using Freon 22, ammonia, and Freon 12. C.J.B. 

385. Promises and Limitations of Electronics in the Dairy Industry. 

R. E. Olsen, Taylor Instrument Co., Rochester, N. Y. Milk Indus. 

Found. Assoc. Bui., 39, 15: 448-454. May, 1947. 

The American Standards Association defines electronics as “that branch 
of science and technology which relates to the conduction of electricity 
through gases or in vacuo.” The phenomenon was observed by Edison in 
1883. In recent years we have had an accelerated development and appli¬ 
cation of electronic devices. 

One of the first applications in the dairy field was the use of the vapor 
mercury lamp to increase the vitamin D potency of milk. Another appli¬ 
cation is the use of the so-called germicidal lamps. The electron microscope 
should be useful in bacteriological studies in the dairy field. Electronic 
heating has been useful in some other fields, but the pasteurization of milk 
at present can be accomplished more economically by other means. Many 
measurements, such as pressure, temperature, liquid level, and time, may be 
made with electronic devices, but frequently such devices are more compli¬ 
cated or expensive than an alternative method of measurement. Pressure 
measurement and timing of flow in a STHT pasteurizer are examples. The 
electronic principle for level controllers has been discarded for a form of 
power-amplifying transformer because of untimely failure of vacuum tubes 
for this application. 

Temperature may be measured by an electronic device, but mercury 
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thermometers and recording thermometers seem to do the job more simply 
and inexpensively. ' E.F.G. 

386. What Is Quality? W. Vincent, U. S. Food and Drug Administra¬ 
tion, Denver, Col. Natl. Butter and Cheese Jour., 38 , 8:47. Aug., 
1947. 

See Abs. 243, Jour. Dairy Sci., 30 , 7: A105. July, 1947. 
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ABSTRACTS OF LITERATURE 
BACTERIOLOGY 

387. Microscopical Examination of Milk. D. B. Shtjtt. Canad. Dairy 

and Ice Cream Jour., 26 , 6 : 32. June, 1947. 

A method has been developed whereby the milk smear can be defatted, 
fixed, and stained in one operation in from 5 to 15 seconds. During this 
process the background is completely decolorized while the bacteria and 
cells are stained blue. The method is based upon two formulas using ether, 
absolute methyl alcohol, methylene blue, and hydrochloric acid. The solu¬ 
tion is held in a stoppered bottle and in a refrigerator when not in use. 
The solution should, bn filtered before using. H.P. 

388. The Effect of Heat-Resistant Reducing Substances on the Dye 

Reduction Tests Used for Estimating the Hygienic Quality of 
Pasteurizing Milk. M. A. Edwards and C. S. Morris. Starcross, 
Devon, Eng. Dairy Indus., 12 , 7: 648. July, 1947. 

The effect of heat-resistant, reducing substances produced by bacteria in 
milk upon the methylene blue and resazurin tests applied to the milk after 
pasteurization was studied. Different types of organisms were grown in 
sterile milk for various periods. The milk was pasteurized and then sub¬ 
jected to the tests immediately and after 24 and 48 hr. 

The amount of reducing substances formed appeared to vary with the 
development of acidity. These substances gradually lose their reducing 
properties on aging the pasteurized milk. Prom a practical point of view, 
the effect of the heat-resistant reducing substances in pasteurized milk proba¬ 
bly is quite unimportant, since milk supplies having significant quantities 
of these substances also would have very high acidity and would be rejected 
at. the receiving platform. D.V.J. 


BREEDING 

389. Heritability of Amount of Spotting in Holstein-Friesian Cattle. 
P. Briquet and J. L. Lush, Iowa State College, Ames. Jour. 
Hered., 38 : 99-105. 1947. 

Three hundred forty-three animals by 24 different sires were studied. 
The repeatability of visual estimates made at different ages averaged 0.982. 
The possibility of the slight decrease in amount of white with age as being 
due to the changing proportion of leg area to body area is suggested. Sex 
appeared to have no influence on the amount of white. 

A163 
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Heritability estimates were determined by intrasire regressions of off¬ 
spring on dam pnd by regression of the amount of white on offspring on 
average amount of white on parents. With estimates of 99 and 93%, respec¬ 
tively, obtained by these 2 methods, it is concluded that the heritability of 
individual differences probably is more than 90%. It is suggested that 
several pairs of genes are required to explain the results obtained. L.O.Q. 

390. Cattle Breeding in India. F. B. Ogilvie, American Delhi Military 

Area Command. Jour. Hered., 38: 23-28. 1947. 

The work of the Imperial Agricultural Research Institute at New Delhi 
in developing milk production in the Sahiwal and Tharpakar breeds is con¬ 
sidered to make the.se breeds valuable to southern U.S. because of the climatic 
similarities of this area to the native homes of these cattle, Punjab and Sind, 
respectively. 

Characteristics of these breeds are absence of dystocia, birth weight of 
50 lb. with males slightly heavier than females, milk testing 5% fat, lon¬ 
gevity, calving at 28.5 months, and absence (or low incidence) of mastitis. 
The management practices include a calving interval aimed at 13 months, 
prenatal (prepartum) milking, calves separated from dams at birth, and 4 x 
milking. A line breeding program is being followed. Photographs show 
the get of a bull whose daughters each produced 6,000-7,000 lb. of milk dur¬ 
ing their first lactation and a string of cows each of which produced over 
8,000 lb. of milk. 

Foot and mouth disease always is present and an attack may ruin the 
productive life of a cow. The chief disease problems center around bipolar 
infection, calf pneumonia, and female sterility. There is no brucellosis in 
either herd. L.O.G. 

391. Artificial Insemination as a Means of Transmission of Bovine 

Venereal Trichomoniasis. D. E. Bartlett, K. G. Teeter, and 
P. C. Underwood. Amer. Vet. Med. Assoc. Jour., Ill, 845: 114- 
116. Aug., 1947. 

The possibilities of transmission of Trichomoniasis from* infected bulls 
to uninfected cows by means of artificial insemination is discussed. Of 9 
uninfected females inseminated with fresh, undiluted semen collected from 
an infected bull by means of an artificial vagina, 6 became infected as a 
result of 7 inseminations; 3 did not contract the disease after 6 inseminations. 

T.MJj. 


392. Duration of Sperm Fertility in the Ewe. W. W. Green. Amer. 
Jour. Vet. Res., 8, 28:299-301. July, 1947. 

Fifty-five grade Shropshire ewes and 2 highly fertile grade Shropshire 
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rams were used in this experiment. The ewes were bred from 0 to 54 hr. 
after the end of estrus. The ewes that did not return in heat were slaugh¬ 
tered and the fetuses recovered. The ewes returning to heat were counted 
as non-pregnant. 

The data reveal that sperm may retain the ability to fertilize an ovum 
after approximately 2 days’ residence in the reproductive tract of the ewe. 

T.M.L. 


BUTTER 

393. The Titratable Acidities of Cream and the pH of Commercial Butter. 

A. H. White. Canad. Dairy and Ice Cream Jour., 26, 6: 21. 
June, 1947. 

The neutralizing data of 92 commercial and 75 semi-commercial churn¬ 
ings showed that the pH of butter can be maintained between the recom¬ 
mended range of 6.7 to 7.2 by accurate neutralizing procedures. From 75 
to 82.5% of the churnings of 3 creameries analyzed over a period of a year 
were within this range. For cream with an initial acidity of 0.25-0.3%, the 
acidity should be reduced to 0.11-0.12%. In general, for each 0.1% increase 
in the initial titratable acidity, the desired acidity after neutralization should 
be increased by 0.01%. Variations in the pH of butter from any one plant 
were due to inaccuracies in determining the initial acidity of the cream, in 
estimating the weight of cream, and in calculating the amount of neutralizer 
to use. H.P. 

394. Standardizing the Composition of Butter. R. W. Brown. Canad. 

Dairy and Ice Cream Jour., 26, 6: 26. June, 1947. 

A simple and accurate method of determining the amount of water to add 
to a churning of butter in order to standardize its composition is to make use 
of the “Pearson Square” method used in standardizing milk and cream. 

H.P. 

395. Butter Boxes. R. W. Brown and T. L. Forster. Canad. Dairy 

and Ice Cream Jour., 26, 5: 81. May, 1947. 

Examination and analysis of 7 boxes of Australian and New Zealand 
butter revealed that much paper fiber is used in the fabrication of the boxes. 
The all-fiber boxes showed up the best from the standpoint of flavor and sedi¬ 
ment in the butter surfaces. H.P. 

396. The Power Butter Printer. J. C. Palmer and P. J. Booaerts. 

Canad. Dairy and Ice Cream Jour., 26, 7: 28. July, 1947. 

In printing butter with a power printer it is important to have the butter 
evenly tempered throughout. The butter should be well worked and show 
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no free moisture. If printed too cold, some loss in moisture will result, 
accompanied by off color in the print. Streakiness can be overcome by: (a) 
not allowing the machine to operate unnecessarily with butter in the hopper; 
(b) feeding the machine evenly with even pressure; (c) printing butter 
between 37 and 47° F.; (d) in the case of twin auger machines, setting the 
edges of the spiral so that they meet when they turn; and (e) holding butter 
in the refrigerator for at least 24 hr. before printing. H.P. 


397. Paper Board Flavor on Print Butter. D. B. Shutt. Canad. Dairy 
and Ice Cream Jour., 26, 7: 27. July, 1947. 


Butter prints packed in unlined cartons developed a very disagreeable 
flavor, which was variously described as disinfectant, iodine, and even as 
chloride of lime. Corrugated paper cartons that are to be used for holding 
print butter always should be lined with waxed or other waterproof paper. 

H.P. 


CHEESE 


398. The Pink Test. I. Hlynka, E. G. Hood, and C. A. Gibson. Canad. 

Dairy and Ice Cream Jour., 26, 5: 25. May, 1947. 

A new test is proposed for determining setting time in Cheddar cheese¬ 
making. It depends upon the reduction of resazurin to its pink end-point 
and is called the “pink test”. One milliliter of standard resazurin solution 
is pipetted into a test tube to which a 10-ml. quantity of milk from a well- 
stirred vat is added. The tube is held at 86° F. and examined at the end 
of 5 minutes or until the original color is reduced to pink. The vat is ready 
to set when this color change takes place in 5 minutes. Cheesemaking experi¬ 
ments using starter at different levels were carried out in order to test the 
performance of the pink test. The pink test is based on a sound principle; 
it measures the rate of lactic acid development in the vat by measuring its 
rate over a short interval in cheese milk. H.P. 

399. Cheese Making from Milk Pasteurized at High Temperatures. E. 

Andersen, Danish Government Experimental Dairy Station, 

Hiller0d, Denmark. Nordisk Mejeri-Tidsskrift,* 12, 9: 177-179. 

1946. 

■ Cheesemaking from milk pasteurized at high temperatures was tried for 
the first time more than 50 years ago in Denmark, but without success. Up 
to 1946 the method still proved unsuccessful. 

The 6th annual publication from the Danish Government Experimental 
Dairy Station deals with the problem in connection with testing of a “Spi- 
rala” pasteurizer for cheese milk. “Danish Swiss cheese” has been made 
from milk pasteurized at 80° C. (176° F.) and 90° C. (194° F.). By ehang- 
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mg the cheesemaking procedure for cheese made from milk pasteurized at 
high temperatures, cheese of a fair quality could be made as compared with 
cheese made from milk pasteurized at 70° C., flash-pasteurization. Holding 
times of 21 and 65 seconds were used. The higher temperature and the 
longer holding time resulted in the greater yield. Yield increases ranged 
from 4% at 80° C. held for 65 seconds up to 10% at 90° C. held for 65 sec¬ 
onds. The latter cheese was likely to be sour. Cheese made from milk pas¬ 
teurized at high temperatures ripens very slowly. It is doubtful if the 
increased yield compensates for cost of pasteurization and reduction in 
quality. » 

Heating of milk to 80° C. or above causes changes in the colloidal calcium 
salts and coagulates the albumin. As a result of the changes in colloidal 
calcium salts, the coagulation of the milk by rennet is reduced considerably 
and the curd formed is abnormal. The precipitation of the albumin makes 
it difficult to get the whey out of the curd, and the cheese develops a short 
and brittle consistency so the grains will not stick together. The cheese will 
come from the press with a greater whey content than normal and conse¬ 
quently a higher lactose content. The pH of such cheese will have a tend¬ 
ency to be too low, the cheese becoming sour. The precipitation of the albu¬ 
min is responsible for the greater yield, as the curd binds more water and 
the albumin goes into the cheese instead of into the whey. 

Coagulation of the milk can be helped considerably by adding calcium 
chloride to the milk. Up to 30-50 g. per 100 kg. (220 lb.) of milk can be 
used. If the temperature is raised 2-3° C. (normal setting temperature, 
86° F.), an almost normal curd can be obtained. Sour cheese can be pre¬ 
vented by using less starter, but the best way is to raise the cooking tempera¬ 
ture and increase the amount of water used for heating purposes. 

“Danish Swiss cheese”, Port Salut, and other kinds of cheese of the 
“Tilsiter” type can be made from milk pasteurized at high temperatures, 
but the method is not good for Gorgonzola, Blue cheese, and Swiss. T.K. 

400. Further Studies on the Measurement and Control of Physical 
Factors in Cheese Making. Margaret Baron. Dairy Indus., 12, 
6:548. June, 1947. 

Two studies, one on Cheddar cheese and the other on long-keeping 
Cheshire cheese, were conducted. The physical properties of the cheese at 
different points of manufacture were correlated with the properties of the 
finished cheese. Bowl, ball compressor, and borer techniques were employed. 

The bowl readings taken on the curd just before cutting appear to be 
closely related to the properties of the finished cheese. Numerous correla¬ 
tions were run involving such factors as milling acidity, milling time, solids- 
not-fat, and butterfat content. Tables showing the correlation coefficients 
developed from the data are presented. D.V.J. 
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401. Packaging Natural Cheddar Cheese. 0. R. Irvine. Canad. Dairy 

and Ice Cream Jour., 26, 6: 27. June, 1947. 

The wrapping of prints of cheese in transparent plastic film is a new 
development. Cheese lends itself remarkably well to wrapping in trans¬ 
parent films. In order to be effective, the package should protect the prod¬ 
uct’s flavor, prevent mold growth, and have a fairly long shelf life. Among 
other desirable features in the package are low cost and ability to withstand 
abuse at storage temperatures. The package also should carry colorful, 
dear, and readily seen branding. The method of packaging in films is called 
“pressure packing”. The cheeses, usually in 20-lb. squares, are cured until 
the desired state of maturity is reached, after which the blocks are cut out 
into small prints and made ready for retail sale. H.P. 

402. Packaging Cheese Curd. L. H. Jones. (Assigned to Wingfoot 

Corp.) U. S. Patent 2,424,693, July 29, 1947 (3 claims). U. S. 

Patent Office Off. Gaz., 600, 5: 746. 1947. 

After removing the press cloth from cheddar-type cheese, the curd is 
placed in a bag made of thin, limp, moisture-proof and oil-resistant material 
and placed in a rack designed in such a manner that the cheese may be cured 
in the container under pressure in an air-free condition. R.W. 

CHEMISTRY 

403. Pennsylvania Method for Butterfat. J. R. Eastman and G. R. 

Matbee. Canad. Dairy and Ice Cream Jour., 26, 5: 64. May, 

1947. 

With raw milk samples testing 4.1-4.4% butterfat by the standard Bab¬ 
cock test, the addition of n-butyl alcohol to the test bottle increased the test 
to 0.13,0.20, and 0.26% by the addition of 1.5,2, and 3 ml. of n-butyl alcohol, 
respectively. Two milliliters of ammonium hydroxide as specified in the 
Pennsylvania modification of the Babcock test had no effect on the test. 
Results confirm that the decrease in reading due to glymol addition helps to 
offset the increase due to the addition of n-butyl alcohol in the Pennsylvania 
modification of the Babcock test. The combined effect of glymol and 3 ml. 
of n-butyl alcohol will cause the results to be about 0.20% higher than those 
by the Babcock test on raw milk samples of about 4% fat content. H.P. 

404. Relationship of Acetone Bodies to “Cowy” Flavor in Milk. D. V. 

Josephson and D. G. Keeney, Dept, of Dairy Technology, Ohio 

State University. Milk Dealer, 36, 10: 40-42. July, 1947. 

Experiments are reported showing that much of the “cowy” or “barny” 
flavored milk received at milk plants during the winter months is due pri- 



DISEASES 


A] 69 


marily to chemical substances, i.e., acetone bodies* which are secreted in the 
milk of cows suffering from ketosis or acetonemia. The disease is common 
in well-managed and high-producing herds and seldom is encountered when 
cows are on pasture. The data repoi-ted also suggest that some of the ‘ 4 feed ’ ’ 
flavors observed in mixed milks also may be due to low concentrations (less 
than 25 p.p.m.) of acetone bodies. C.J.B. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

405. Titratable Acidity of Milk Powders. A. II. White. Canad. Dairy 

and Ice Cream Jour., 26, 8: 27. Aug., 1947. 

Acidity tests were made on a number of samples of different types of 
dried milks to determine the probable causes of variations obtained in the 
acidity tests of the same sample by different laboratories. Variations in the 
acidity test were found between the top and bottom portions of reconstituted 
roller-dried milks. The variations were 0.025 to 0.07% after being held for 
15 min. or less, and 0.03 to 0.105% after being held for 1 hr. or longer. The 
top and middle portions of the reconstituted roller-dried milks decreased in 
acidity as the time of holding increased. Similar tests on spray-dried skim 
and whole milks showed no variations in acidity even after being held for 
over 1 hr. Thorough agitation and mixing of reconstituted roller-dried 
powders is essential if agreement in acidity tests of the same sample is to be 
obtained in the same laboratory or different laboratories. H.P. 

406. How to Make Yoghurt. L. A. Burkey, Division of Dairy Research 

Laboratories, U. S. Dept, of Agr. Milk Dealer, 36 ,10 : 43, 44,114. 

July, 1947. 

Complete information on yoghurt manufacture is reported. Directions 
for handling the culture, steps in carrying mother cultures, preparation of 
the bulk starter, and the materials and equipment needed for the prepara-, 
tion of yoghurt are given. C.J.B. 


DISEASES 

407. A Clue to the Cause of Milk Fever in the Metabolism of the Spring¬ 
ing Cow. A. H. Craige, Jr. Amer. Jour. Vet. Res., 8, 28 : 247- 
256. July, 1947. 

A study of the causes and treatment of milk fever was conducted on a 
group of low producing cows not particularly susceptible to the ailment. 
Clinical symptoms of milk fever and also death were induced by artificial 
alkalization produced by oral and intravenous administration of sodium 
carbonate to non-parturient cows. Oral administration of Chlor-Ethamine 
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induces rises in blood calcium and phosphorus in parturient cows. In non¬ 
parturient cows Chlor-Ethamine has little or no effect. 

A tentative explanation for milk fever is based on the sudden demand 
for active withdrawal of various electrolytes from the blood stream into the 
colostrum and suppression of efficient calcium mobilization in the body as a 
result of a developing alkalosis. Further conjecture suggests that aceto¬ 
nemia or ketosis may be a result of compensatory mechanisms, which in some 
cases completely counteract the physiologic alkalizing process. T.M.L. 

408. Sensitivity to Penicillin of Microorganisms Associated with Bovine 

Mastitis. J. O. IIeishman. Amer. Jour. Vet. Res., 8, 28 : 257- 
260. July, 1947. 

Results of the examination for sensitivity to the action of penicillin of 
150 cultures of bacteria isolated from the milk of cows having varying 
degrees of mastitis are reported. The inhibition range for Streptococcus 
agalactiae and Streptococcus uberis varied between 0.031 and 0.125 units of 
penicillin per cc. of medium. The coliform rods were not affected by 2 units 
of penicillin per cc. of medium. T.M.L. 

409. Treatment of Bovine Anthrax with Penicillin. C. W. Rioos and A. 

C. Tew. Amer. Vet. Med. Assoc. Jour., Ill , 844 : 44-46. July, 
1947. 

Treatment of anthrax by serum alone, serum and penicillin, and peni¬ 
cillin alone are compared. The treatment of 93 cases indicates that penicillin 
is an effective means of combating the infection and that it is as effective 
given alone as it is when given in combination with serum. T.M.L. 

410. Further Observations on the Virus Diarrhea (New Transmissible 

Disease) of Cattle. P. Olafson and C. G. Richard. Cornell 
Vet., 37, 2: 104-107. April, 1947. 

The relaton of rinderpest to virus diarrhea is discussed. The antirinder¬ 
pest serum was used on a small number of calves to combat virus diarrhea 
without any success. The virus disease probably is independent of rinder¬ 
pest, although some of the symptoms are very similar. T.M.L. 

411. Staphylococcic Abortion in Cattle. W. D. Pounden and W. E. 

Krauss. Amer. Vet. Med. Assoc. Jour., Ill, 844 : 35-37. July, 
1947. 

Two cases of abortion in late pregnancy in dairy cows are described. 
Both cows conceived to artificial insemination and, at the time of abortion, 
copius uterine pus exudates were present. Gram-positive cocci were ob¬ 
served in large numbers in all smears. T.M.L. 
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412. Blood Transfusions in Bovine Anaplasmosis. J. C. Lotze. Amer. 

Jour. Vet. Res., 8, 28: 284-289. July, 1947. 

Five cases of experimentally produced bovine anaplasmosis were treated 
by blood transfusion. It is concluded that in certain cases, blood trans¬ 
fusions are indicated due to the inability of the host to regenerate red blood 
cells rapidly enough to overcome quickly the severe anemia caused by the 
infection. To be effective, blood must be given in large quantities. 

T.M.L. 

413. Use of Sodium Sulfonamides as Single Injection Specific Treatment 

in Foot Rot. C. It. Forman, J. E. Burch. C. E. Dee, L. Kelley, 

J. E. Mouw, M. B. Teigland, and J. H. Yarborough. Amer. Vet. 

Med. Assoc. Jour., Ill , 846: 208-214. Sept., 1947. 

Results from treatment of 1,500 cases of foot rot with sulfonamides are 
presented. The intravenous injection of sodium sulfapyridine is the method 
of choice in treatment of Actinomyces necrophorus infections in cows. Treat¬ 
ment is simple and specific. T.M.L. 

FEEDS AND FEEDING 

414. A Chick Growth Factor in Cow Manure. V. Relation to Quantity 

and Quality of Soybean Oil Meal in the Diet. M. Rubin and H. 

K. Bird, Bureau of Animal Industry, Agr. Research Center, Belts- 

ville, Md. Jour. Nutr., 34, 2: 233. Aug. 11,1947. 

A diet of 70% soybean oil meal caused an inhibition of growth and 
increased mortality in chicks. These effects were not counteracted by the 
addition of methionine but were counteracted by the addition of cow manure 
or cow manure extracts. The growth factor of cow manure improved diets 
containing heated soybean oil meal more than those containing unheated 
meal. R.K.W. 


FOOD VALUE OF DAIRY PRODUCTS 

415. Comparative Nutritive Value of Casein and Lactalbumen for Man. 

A. J. Mueller and W. M. Cox, Jr., Mead Johnson and Co., Evans¬ 
ville, Ind. Jour. Nutr., 34, 3: 285. Sept. 10, 1947. 

Casein and lactalbumen were fed at an intake of 2% of the calories to 
4 adults following 12-day depletion periods. Four-day periods of supple¬ 
mentation with one protein were followed by 4 days of depletion and then 
4 days of supplementation with the alternate protein. Each protein was fed 
for two such 4-day periods. Nitrogen balances and biological values indi¬ 
cate that casein and lactalbumen are equally effective in maintaining nitro¬ 
gen balances in man. R.K.W. 
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416. The Sparing Action of Protein on the Pantothenic Acid Require¬ 

ment of the Rat. II. Urinary and Fecal Excretion of Panto¬ 
thenic Acid. Marjorie M. Nelson, F. Van Nouhuys, and H. M. 
Evans, Institute of Experimental Biology, Univ. of Calif., Berke¬ 
ley. Jour. Nutr., 34, 2: 189. Aug. 11, 1947. 

It had been shown that high casein diets had a sparing action on the 
pantothenic acid requirement of the rat. In these studies the protein con¬ 
tents of diets were varied by using diets containing from 24 to 64% casein. 
The data indicate that the sparing action for pantothenic acid of the high 
casein diet is real and not due to decreased urinary excretion or increased 
intestinal synthesis. R.K.W. 

417. The Growth-Promoting Action of Cellulose in Purified Diets for 

Chicks. F. Davis and G. M. Briggs, Univ. of Md. Jour. Nutr., 
34, 3: 295. Sept. 10,1947. 

Supplementation of a simple purified diet, containing casein, with cellu¬ 
lose at levels of 5,10, and 15% increased gain and feed efficiency for young 
chicks up to 4 weeks of age. Larger amounts of cellulose decreased growth. 

R.K.W. 


ICE CREAM 

418. Fruits and Their Importance in Ice Cream. I. S. Brightman, Fruit 

and Syrup Manufacturers Association. Ice Cream Rev., 31, 1: 69. 
Aug., 1947. 

Because of the eye and taste appeal which they give to frozen desserts, 
fruits have been an important factor in building ice cream sales to their 
present level. Today with more than 300 million lb. of fresh and cold packed 
fruits available, an adequate supply for use in ice cream is assured. Today 
fruits are available which are being processed to conform with the Food, 
Drug and Cosmetic Act. This means that the ice cream manufacturer will 
be supplied with fruits honestly packed, and which are free from insect 

infestation, mold, bacteria, or other foreign material. W.J.C. 

% 

419. Ice Cream Disher. A. Gordon and S. G.'Mozolewskj. U. S. Patent 

2,427,095, Sept 9,1947 (5 claims). U. S. Patent Office Off. Gaz., 
602, 2 : 279. 1947. 

A scoop type disher is described with a scraper blade, operated by a 
pivotally mounted actuating device. R.W. 

420. Packaged Ice Cream. F. Yoars. Canad. Dairy and Ice Cream Jour., 

26, 8:30. Aug., 1947. 

Quick freezing and quick hardening of ice cream can be accomplished 
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within a matter of 20-30 min. by use of the wind tunnel. Quality thus can 
be improved more statisfactorily than by adding more butterfat, which adds 
cost to the product. Pre-molded portions eliminate bulk ice cream, which, 
in turn, eliminates dipping and reduces supervision and dispensing diffi¬ 
culties. H.P. 


MILK 

421. Farm Milk Cooling Requirements. Anonymous. Milk Dealer, 36, 

10:116-124. July, 1947. 

Results of a survey show that there is a trend toward mechanical cooling 
of milk on the farm. In the complete survey made of 55 cities in 34 states, 
only 5 cities reported mechanical cooling on the farm as a present positive 
requirement. Numerous other cities reported, however, that for all practi¬ 
cal purposes such a requirement was in effect because it is impractical to 
meet temperature requirements unless the producer is equipped with me¬ 
chanical refrigeration. This is shown by the reports from 52 cities which 
gave specific information on temperature requirements for milk upon de¬ 
livery at the plant receiving platform. Of these, 10 reported requirements 
of 50°, 3 of 55°, 15 of 60°, 4 of 65° and 20 of 70° F. C.J.B. 

422. Milk Cooler. G. R. Duncan. U. S. Patent 2,425,519, August 12, 

1947 (10 claims). U. S. Patent Office Off. Gaz., 601,2 :266. 1947. 

In a cabinet for cooling milk in cans, a cooling liquid is sprayed around 
the necks of the cans and down the sides to collect in a sump beneath the 
cans, to be cooled again and recirculated. R.W. 

423. Milk Machine. E. B. Thompson and F. A. Gessler. (Assigned 

to Globe Milker, Inc.) U. S. Patent 2,427,312, Sept. 9, 1947 
(16 claims). U. S. Patent Office Off. Gaz., 602, 2 : 334. 1947. 

This apparatus consists of a self contained receptacle for receiving the 
milk through a connection from a teatcup, a pair of air chambers operating 
at subatmospheric pressure, an electrical motor for operating the pump, and. 
an air distributing device. R.W. 

424. Frozen Milk with Special Reference to Protein Flocculation. F. J. 

Doan and F. G. Warren. Canad. Dairy and Ice Cream Jour., 26, 
7: 60. July, 1947. 

Milk can be stored in the frozen condition either in the fluid or concen¬ 
trated state for considerable periods of time. High heat treatment at time 
of pasteurization delays the onset of oxidation and deterioration of flavor of 
frozen milk. Stability of frozen milk is decreased by removal of water, 
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by high heat treatment, by high storage.temperature, and by long periods 
of storage. ' H.P. 

425. Homogenized Milk, Concentrated Milk Products and Other De¬ 

velopments, C. A. Iverson. Canad. Dairy and Ice Cream Jour., 
26, 5: 37. May, 1947. 

See Abs. 303, Jour. Dairy Sci., 30, 9: A129. Sept., 1947. 

PHYSIOLOGY 

426. Physiologic Reactions to Intravenous Calcium Injections in the 

Cow. A. H. Craige, Jr. Amer. Jour Vet. Res., 8, 28: 260-267. 
July, 1947. 

A series of 16 experiments were conducted by intravenous injection of 
500 cc. of calcium gluconate in non-parturient cows. A sudden increase in 
blood calcium and phosphorus residts after intravenous injection, followed 
by a progressive decline until 24 br. later, when the normal values are 
approached. T.M.L. 


SANITATION AND CLEANSING 

427. Sanitary Standards for Dairy Equipment. E. H. Parfitt, Chair¬ 

man, Sanitary Standards Subcommittee, Dairy Industry Commit¬ 
tee. Milk Dealer, 36, 10: 136-142. July, 1947. 

A complete description of the purpose, organization, accomplishments, 
and of the work in progress of the Sanitary Standards Subcommittee is 
reported. In conclusion, the author states that: 4 ‘ The dairy industry is now 
well organized through all its branches to do an outstanding job in arriving 
at sanitary standards for dairy equipment. The final answer as to the suc¬ 
cess of this undertaking will depend upon: (1), The backing that is given to 
these standards by the individual milk sanitarian, and his willingness to go 
along with these standards rather than attempt to modify them according 
to his individual thinking. (2) The publicity that is given to these stand¬ 
ards so that buyers of equipment for which standards havq been developed 
will specify the accepted 3A sanitary standards. (3) The degree of support 
that is given by the regulatory groups in seeing to it that fabricators whose 
equipment does not meet the sanitary standards is not designated or sold as 
meeting the 3A standard.” C.J.B. 

428. The Use of a Quaternary Ammonium Compound as a Supplement 

to Heat in the Rinse in Mechanical Dishwashing. W. L. Mall- 
mann and L. Zarkowbki, Division of Bacteriology and Public 
Health, Mich. Engin. Expt. Sta., Lansing. Jour. Milk and Food 
Technol., 10, 4:206-213. July-Aug.; 1947. 

Washing and sanitizing dishes in a mechanical dishwasher in .which the 
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temperature of the rinse water is maintained at 170° F. reduces the health 
hazards to a safe margin. However, lunch counters and soda fountains 
frequently resort to hand washing, with the temperature of the rinse water 
too low to be effective in the destruction of pathogenic organisms. Any 
attempt to supplement hot water rinsing by using sanitizing agents is highly 
desirable. 

The authors conclude that quaternary ammonium compounds in concen¬ 
trations of 1-6,400 to 10,000 at a temperature of 120° F. will destroy both 
Gram-positive and Gram-negative bacteria in 5 to 10 seconds in the absence 
of organic matter. This procedure is effective in sanitizing machine-washed 
dishes where high-temperature water is not available or is impractical to use. 

H.H.W. 

429. Inconsistencies in Testing and Reporting the Strength of Alkaline 

Detergent Solutions. C. W. England. C. Y. Stephens Dairy 
and Poultry Industries, Washington, D. O. Milk Dealer, 36, 30: 
49-56. July, 1947. 

The literature on testing and reporting the strength of alkaline detergent 
solution is reviewed. This review serves to indicate the duplicity of terms 
or designations and the confusion relative to reporting results of tests. 
There is wide diversity in the amount of sample'used and the method of 
analysis. A system of reporting the results of the analysis of alkaline deter¬ 
gent solutions is proposed. C.J.B. 

430. D.D.T. and Dairy Sanitation. C. F. Gkrlach, Michigan Chemical 

Corp. Milk Dealer, 36, 10: 156-160. July, 1947. 

Insects may affect dairy products directly by contact and infestation and 
indirectly by contamination of containers, carrying contaminating organ¬ 
isms, and reducing production and quality. DDT has proved not only an 
aid to sanitation but a profitable investment. Increased milk production and 
quality have returned profits many times over and above the cost of the DDT 
program. Directions are given for controlling flies, lice, ticks, silverfish, 
roaches, ants, and fleas on dairy farms. Directions also are given for insect 
control in dairy plants. C. J.B. 

431. Elimination of Multiple Inspections and Appraisal for Various 

Plants and Localities. W. A. Wentworth, The Borden Co., 
New York, N. Y. Milk Indus. Found. Assoc. Bui., 39, 17: 491- 
500. June 25,1947. 

Faults in the present milk inspection system and recent experience have 
suggested the following conclusions: (a) The quality of a milk supply cannot 
be judged by the ordinances governing its production and processing because 
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of frequently ineffective enforcement, (b) There are extreme variations in 
milk quality between areas which have identical ordinances, (c) Re-evalu¬ 
ation and modernization of our milk ordinances should be of immediate con¬ 
cern to the industry and public health officials. The problems of use of milk 
inspection to raise trade barriers and the burdens of duplicate and conflict¬ 
ing regulations are discussed. The author suggests an effort in the field of 
city milk supply on the lines of the work of the Dairy Products Improve¬ 
ment Committee for sweet cream. Another industry-wide effort is the work 
of the Sanitary Standards Committee of the Dairy Industry Committee, 
which, in conjunction with the International Association of Milk Sanitarians, 
is developing appropriate standards for milk plant equipment. E.F.G. 

MISCELLANEOUS 

432. Agricultural Marketing Agreements—A Review. W. C. Welden, 

H. C. Hood and Sons, Inc., Boston, Mass. Milk Indus. Found. 

Assoc. Bui., 39, 17:483-490. June 25,1947. 

The first license issued Aug. 1, 1933, covered the Chicago Milk Market. 
Since the inauguration of this practice under the Agricultural Adjustment 
Act of May, 1933, there have been close to 100 licenses or orders issued by 
the Secretary. 

During the war operation of marketing orders tended to cause more rapid 
price adjustment under OP A, and these markets were more, adequately sup¬ 
plied with milk than other areas. A trend in marketing order techniques 
is to price milk by formula, which simplifies revision of prices both up and 
down. 

Prospective problems of federal control involve two angles: (a) Can a 
more balanced approach be developed to point orders toward industry and 
the public welfare as well as producer welfare! (b) Can the orders be made 
really effective in promoting steady and adequate milk supplies at reasonable 
and stable prices ! E.F.G. 

433. Functions and Responsibilities of Leadership in the Dairy Plant. 

J. H. Erb. Canad. Dairy and Ice Cream Jour., 7: 48. July, 

1947. 

Competent supervision should be able to control quality so that it is uni¬ 
formly good day after day. In order to work out a quality problem, the 
following steps should be taken: (a) Analyze the problem, (b) plan the solu¬ 
tion, (c) sell top management on changes, (d) train subordinates, and (e) 
check back. The maintenance of equipment requires precedence in the time 
and energy of plant supervision. Plant supervision should play a role in 
cost control. Ingredients and finished products should be accounted for and 
handled like money. The proper type of leader will have to be developed 
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by management by better selection of leaders, providing a training program 
for developing greater leadership skills, reducing unreasonable load so there 
is more time to study and work on “problem” areas, and bringing middle 
supervision closer to management. To qualify for the job of being a leader 
one must have training, not only past training ami experience but training 
while on the job. H.P. 

434. A Few Basic Considerations in Dairy Economics. D. B. DeLoacji. 

Canad. Dairy and lee Cream Jour., 26, 7: 43. July, 1947. 

The milk industry of today is the result of the ability of the industry to 
utilize fully the scientific background of the 19th and early part of the 20th 
centuries. The milk industry has the unusual advantage of almost universal 
acceptance of its products as a basic food for children and adults. It has 
received favorable attention in the health and educational programs of our 
public school system and has become an item essential to the cookery tech¬ 
niques of every modern homemaker. The components of efficient plant 
operations will have to center around the following: (a) procurement costs 
and plant location, (b) product utilization and market prices, (c) plant 
volume, (d) transportation to market, and (e) packaging. H.P. 

435. Problems in the Design and Layouts of Dairy Plants. R. T. South- 

mayd. Canad. Dairy and Tee Cream Jour., 26, 8: 62. Aug., 1947. 

The market which a plant will serve and the amount of business it may 
be expected to do should be used in determining its most efficient and flexible 
layout. The lot size is very important as it determines the size of the plant, 
free and easy handling of traffic, good appearance, and friendly relations 
with neighbors. Three general problems of the plant proper are size and 
location of the various work spaces, type and location of processing equip¬ 
ment, and type, size, and location of mechanical equipment. All the indi¬ 
vidual problems must be blended into a co-ordinated unit that will utilize 
human effort efficiently. H.P. 
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ABSTRACTS OF LITERATURE 

BOOK REVIEWS 

436. Feeds of the World, Their Digestibility and Composition. B. H. 

Schneider. 299 pp. $3.00. West Virginia University, Morgan¬ 
town. 1947. 

This is a comprehensive summary of available information on the com¬ 
position of feeding stuffs and their digestibility by the five most common 
species of mammalian farm animals, namely: cattle, sheep, goats, swine, and 
horses. The data presented resulted from a thorough analysis of American 
and foreign literature involving approximately 11,000 original digestion 
experiments conducted during the past 80 years. 

The book is divided into four sections. The first two are bibliographical, 
listing the authors whose research data have been included in this publica¬ 
tion and the feeding stuffs and species of animals studied by each. Section I 
is arranged alphabetically by authors and section II is a cross-index of the 
first, arranged alphabetically by feeding stuffs. Section III lists the common 
and scientific names of plant and of animal sources of feeding stuffs. The 
final section consists of a tabulation of the composition and digestibility of 
the various feeds. With the exception of the table including data from 
investigations with sheep and with goats, the results from digestion trials 
are presented separately according to species of animal. Data tabulated 
include digestible nutrients and composition of feeding stuffs as offered to 
animals, digestion coefficients, and digestible nutrients and composition of 
feeds on a moisture-free basis. 

This compilation has required a tremendous amount of time and effort 
on the part of the author. Since this book is the first of its kind to be pub¬ 
lished, it should be of great service to all who are interested in livestock 
nutrition or composition of feeding stuffs. N.L.J. 

t 

437. Notas sobre a bioquimica do leite (Notes on the biochemistry of 

milk). O. Ballarin. Meier & Blumer, Rio de Janeiro, Brazil. 
150 pp. 1947. 

This book was written in Portuguese with the purpose of surveying the 
recent knowledge of the biochemistry of milk and facilitating' the under¬ 
standing of the various phenomena concerning this product. It is divided 1 
into four major parts. In the first part, milk is defined and its organoleptic 
characteristics and physical, chemical, and biological properties are dis¬ 
cussed. The second part is devoted to the study of the chemical composition 
of milk • this is treated with comparatively greater detail than is employed 
in the other portions of the book. The action of the various chemical, phys- 
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ical, and biological agents upon milk is. discussed in the third part. The 
presentation of a number of charts shortens and facilitates this discussion. 
The metabolism of milk is discussed in the fourth section. A diagram sum¬ 
marizes this portion of the book. The appendix gives some very general 
information concerning the various milk products. 

The book is written in a very definite and organized sequence. Charts, 
diagrams, and illustrations are presented generously to facilitate the under¬ 
standing of the subject. Throughout the book, the different facts discussed 
are related to the various problems encountered in the practical dairy in¬ 
dustry work. However, little detail is given in regard to the actual com¬ 
mercial processing of milk, and the reader is expected to resort to other books 
for this kind of information. Most of the references are to condensed, 
evaporated, and powdered milk, with few references to cheese, ice cream, 
and butter. 

Frequent citations to the original publications, including many which 
have appeared in recent years, are made throughout the book. Failure to 
arrange the bibliographical citations either alphabetically or chronologically 
and to adopt a uniform system of citation in the text of the book reduces 
the usefulness of this portion of the work. R.E.M. 

BACTERIOLOGY 

438. Proposed Changes in Incubation Temperatures for Standard Agar 

Plate Counts (Abs.)?* J. D. Brew, Univ. of Tennessee. Jour. 

Bact., 53, 3 : 372. March, 1947. 

Forty years ago agar plates were incubated 5 days at 20° C. plus 2 days 
at 37° C. on the assumption that most bacteria, including pathogens, would 
grow. Because the 7-clay incubation was impractical, 37° C. for 48 hr. be¬ 
came accepted. Lately it has been observed that there are greater variations 
in plates incubated at 37° C. than at lower temperatures. The maximum 
growth range for some bacteria is close to or above 37° C. Intra- and inter¬ 
incubator temperatures vary more at 37° C. than at lower temperatures, 
some incubators showing zones as high as 45° C. It is proposed to lower 
incubation temperature to 32° C. for 48 hr. 

439. A Study of Variability in Duplicate Standard Plate Counts as 

Applied to Milk (Abs.). J. L. Courtney, Oak Ridge Dept of 

Health, Oak Ridge, Tenn. Jour. Bact., 53, 3: 872. March, 1947. 

Of 299 duplicate counts made on raw milk, 278 varied less than 50%, 
18 between 50 and 100%, and 3 over 100%, the highest being 191%. The 
average variation was less than 20%. The author deplores the attitude that 
there is no point in exercising care with the technique because “the error 
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inherent in the method is greater than the error 1 which will be introduced”. 
Bather, human error accounts for much of the so-called error of the method. 

D.P.G. 

440. A Factor Toxic to Brucella abortus in Some Lots of Tryptose 

(Abs.). V. T. Schuhabdt and L. J. Rode, The Brucellosis Research 
Project of the Clayton Foundation and the Univ. of Texas, Austin. 
Jour. Bact., 54,2 : 282. Aug., 1947. 

Three lots of Difco tryptose specifically suppressed growth of 5 strains 
of Brucella abortus. The factor was not active against strains of B. meli- 
tensis, B. suis, or 6 other bacterial species. The factor in 2% tryptose was 
brucellacidal in 48 hr. against 400 to 500 organisms per ml. The factor is 
neutralized by blood, serum, Difco agar, and aqueous extracts of a number 
of plant and animal tissues. D.P.G. 

441. A Superior Culture Medium for the Enumeration and Differenti¬ 

ation of Coliforms (Abs.). G. H. Chapman, Clinical Research 
Laboratory, N. Y. Jour. Bact., 53, 4 : 504. April, 1947. 

The medium has the composition: water, 1,000 ml.; Difco yeast extract, 
3.0 g.; Proteose no. 3 peptone, 5.0 g.; lactose, 10.0 g.; agar, 15.0 g. Adjust 
to pH 6.9 and add 0.1 ml. tergitol-7 and 2.5 ml. of 1% bromthymol blue. 
Incubate 20 hr. at 37° C. Escherichia produces yellow colonies surrounded 
by yellow zones. Aerobacter produces greenish-yellow * * gum drop ’ ’ colonies, 
larger than Escherichia colonies and usually surrounded by yellow zones. 
Colonies of paracoli and other organisms not fermenting lactose usually are 
surrounded by blue zones. Some strains of Neisseria catarrhalis grow but 
produce minute, rough, blue colonies with blue zones. No other bacteria 
have been observed. Proteus spp. have less tendency to spread. There is 
no inhibition of coliforms, permitting recovery from minute inocula. Counts 
are about 30% higher than on other media. D.P.G. 

442. The Relationship between Lactobacillus acidophilus (Moro) Hol¬ 

land and Lactobacillus casei (Orla-Jensen) Holland. C. S. 
Pederson, N. Y. Agr. Expt. Sta., Geneva. Jour. Bact., 53, 4: 407- 
415. April, 1947. 

Lactobacillus spp. isolated from milk and milk products usually are .con¬ 
sidered to be strains of L. casei (Orla-Jensen) Holland. These form smooth 
colonies and dextrorotatory laetic acid. In the present study a number of 
cultures isolated as rough or filamentous colonies from various parts of the 
human body, and usually considered as strains of L. acidophilus (Moro) 
Holland, have changed their characters over a period of years and now are 
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identical with cultures of L. casei. It is concluded that L. acidophilus and 
L. casei are rough and smooth strains of a single type. D.P.G. 

443. An Occurrence of Udder Infections Caused by a Thermoduric 

Streptococcus (Abs.). J. S. Bryan, Walker-Gordon Laboratory 
Co., Plainsboro, N. J. Jour. Bact., 53, 4: 505. April, 1947. 

Thermoduric streptococcus infection of the udders of cows caused an 
increased bacterial count of high-quality pasteurized milk. Milk from in¬ 
fected udders contaminated the equipment. This contamination was elimi¬ 
nated in routine cleaning and sterilizing after infected cows were located 
and removed from the supply. Detection of infected cows was difficult be¬ 
cause the symptoms and physical appearance of the milk were not the same 
in each case. Laboratory pasteurization of the milk from each cow was 
necessary to confirm physical findings and to locate infected cows. 

The thermoduric streptococcus apparently does not normally reside in 
the udder. These bacteria evidently are not important in milk from a public 
health standpoint but are important to the plant since they affect the 
pasteurized milk count. D.P.G. 

444. The Significance of, and Methods for, Maintaining Moisture in Bac¬ 

teriological Culture Media (Abs.). G. H. Chapman, Clinical Re¬ 
search Laboratory, N. Y. Jour. Bact., 53, 4: 504. April, 1947. 

An agar plate stored in an electric refrigerator loses an average of 0.1 ml. 
of moisture each day. This is detrimental to microbic growth. Moisture 
loss can be reduced by storing plates in metal cylinders and sealing the joint 
between top and bottom sections with waterproof adhesive tape, parafilm, 
or a rubber band. The vent hole also should be sealed. Tubes of culture 
media can be sealed with parafilm. D.P.G. 

445. Some Observations on a Pleomorphic Bacillus Isolated from Differ¬ 

ent Lots of Processed Whole Milk Products (Abs.). Helen Z. 
Knight and E. H. Browne, M & R Dietetic Laboratories, Inc., 
Columbus, Ohio. Jour. Bact., 53, 4: 501. April, 1947. 

The incompletely identified bacillus appeared as long rods in chains, rods 
with central and plectoral globi, and dumbbell forms. A life cycle was 
observed beginning with long rods and ending with clumps of globi. In¬ 
creasing nitrate content of the medium resulted in formation of filaments 
resembling mycelium. On blood agar the bacillus was a non-hemolytic, 
small, plump rod. The variations were non-permanent, the bacillus revert¬ 
ing to its original forms when transferred to standard milk agar. The pres¬ 
ence of the bacillus had no effect upon the milk product. D.P.G. 
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CHEESE 

446. The Effects of Lactobacilli on the Quality of Cheddar Cheese Made 

from Pasteurized Milk (Abs.). R. P. Tittsler, G. P. Sanders, 
H. E. Walter, Donna S. Geib, 0. S. Sager, and II. R. Lochry, 
Bureau of Dairy Industry, Agricultural Research Administration, 
U. S. Dept. Agr., Washington, D. C. Jour. Baet., 54, 2: 276. Aug., 
1947. 

Lactic starter was added to one lot of cheese as a control and lactic starter 
and a supplemental starter containing lactobacilli were added to each of the 
other lots. Lactobacillus casei (3 types), L. arabinosus, L. pentosus, L. fer- 
menti, and L . plantarum grew rapidly in the cheese. From 50 to 500 mil¬ 
lions per g. were present at from 2 to 12 weeks, depending on species, num¬ 
bers added, and temperature of ripening (50 to 60° F.). L. fermenti pro¬ 
duced gas and objectional flavor. L. casei increased acidity but not prote¬ 
olysis ; it increased flavor of ‘* acid 7 7 nature and 16 short 7 7 body. Some strains 
of L. arabinosus, L. pentosus, and L. plantarum increased flavor and did not 
produce objectionable acidity. Other strains had little effect on quality. 

L. bulgaricus, L. helveticus, L. lactis, and L. acidophilus were not detected 
after 2 weeks at either temperature, and the cheese grades were the same as 
those of the corrsponding controls. D.P.G. 

CHEMISTRY 

447. Effect of Dry Heat on Proteins. D. K. Mecham and H. S. Olcott. 

Western Regional Research Laboratory, U. S. Dept. Agr., Albany, 
Calif. Indus, and Engin. Chem., 39, 8: 1023-1027. Aug., 1947. 
Casein and other proteins were heated to 110-203° C. for 18 hr. in boil¬ 
ing, inert hydrocarbons. Solubility decreased with increasing temperatures 
up to 153° C., but there was no change in total N and little change in amide 
N. Above 153° C. extensive degradation occurred. B.H.W. 

448. Process for Hardening Protein Fibre. F. C. Atwood. (Assigned to 

Natl. Dairy Products Corp.) U. S. Patent 2,428,603, Oct. 7, 1947 
(15 claims). U. S. Patent Office Off. Gaz., 603, 1: 128. 1947. 

A relatively pure protein, such as casein, is dispersed in an alkaline solu¬ 
tion and forced through an orifice into an acid-coagulating bath to form a 
continuous thread which then is stretched and finally hardened by means of 
a formaldehyde bath maintained between pH 4.5 and 7.0. R.W. 

CONCENTRATED AND DRY MILK; BY-PRODUCTS 

449. Plastic Cream—Its Advantages in Ice Cream Making. A. C. Ding¬ 

wall, Dairy Consultant, New York City. Ice Cream Field, 50, 2 : 
33, 74. Aug., 1947. 

Because of the decreased volume accompanying the use of plastic cream 
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instead of frozen 40% cream, considerable saving in transportation and 
storage costs results. 

The following procedure was used successfully in one plant. Cream test* 
ing 50% fat first was separated from fresh milk. The cream then was 
pasteurized at 170° F. for 30 min. After cooling to 130° F., it again was 
run through a separator to produce cream testing 80% fat. Then it was 
forced through an internal tubular cooler by means of a worm-drive, which 
cooled the cream to 60° F. Cans filled with the cream were frozen and 
stored in a sharp room maintained at - 20° F. W.C.C. 

DISEASES 

450. Brucellosis. Editorial. Amer. Med. Assoc. Jour., 134, 10 : 976. 

July 5, 1947. 

Brucellosis still is erroneously believed to be a regressive, rare, and self¬ 
limited disease. Infection of susceptible persons will continue as long as 
contaminated food is ingested or there is contact with infected cattle, goats, 
swine, sheep, or horses. Only the relatively severe acute illnesses are diag¬ 
nosed and reported. Chronic infections outnumber the acute by at least 
10 to 1, but chronic infections rarely are diagnosed. 

Mortality at present usually is low, but higher rates may occur in the 
presence of epidemics of the more virulent suis infection carried by raw milk. 
Cross-infection apparently is increasing; thus the hog or the cow may 
transmit melitensis or suis to man. Huddleson has estimated the following 
annual losses for Michigan alone, all from an estimated 108,000 infected 
cows: 222,904,000 lb. of market milk or enough to supply 557,000 persons 
for 1 year; 11,140,200 lb. of butter, enough to supply 655,300 persons for 1 
year; 16,240 calves, representing 1,299,200 lb. of veal or 6,494,000 lb. of beef 
or a proportionate amount of dairy products if the calves were raised as 
milk-producing animals. On one farm 82%, of the expected pig crop, or 
54,180 lb. of dressed pork, was lost through infection. 

Detailed discussion is given to failure to diagnose human chronic cases. 
The writer deplores the defeatist attitude toward treatment and calls for 
increasing ‘ ‘ brucellosis-mind edness ’ ’ and continued investigation. He con¬ 
cludes: “Pasteurization of all dairy products must regain the greatest bul¬ 
wark against human infection until methods of control can be perfected.” 

D.P.G. 


451. Brucellosis in the United States. Current Comment. Amer. Med. 
Assoc. Jour., 134, 9 : 786. June 28,1947. 

The approximately 4,000 cases of human brucellosis reported annually 
to state health departments indicate that there are at least 80,000 to 40,000 
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actual cases. A method of laboratory diagnosis is needed that will reveal 
milder forms of the disease. A therapeutic agent is needed for the control 
of brucellosis in animals. The development of better methods of control, 
diagnosis, and treatment is one of the most pressing problems facing the 
medical profession. D.P.6. 

452. Permeability of the Lactating Bovine Mammary Gland to Sulfona¬ 

mides (Abs.). V. T. Schuhardt, T. B. Carroll, L. J. Rode, and 

Helen Lacy. The Brucellosis Research Project of the Clayton 

Foundation and the Univ. of Texas. Jour. Bact., 53, 3: 367. 

March, 1947. 

Sulfanilamide, sulfathiazole, sulfadiazine, sulfamerazine, sulfapyrazine, 
2-sulfanilamido-5-broino pyrimidine, and 2-sulfanilamido-5-chloro pyrimi¬ 
dine were administered orally to 2 cows. Sulfapyridine was administered 
to 4 cows. Each cow received 90 g. of the appropriate drug in 3 equal doses 
at intervals of 4 hr. Blood and milk samples were collected from each cow 
at 6, 10, 22, 34, and 46 hr. after the initial drug dose. These were tested 
for free sulfonamide concentrations. The last 3 samples of both blood and 
milk were tested for total sulfonamide concentrations. 

Sulfathiazole, sulfapyrazine, and sulfadiazine attained maximum blood 
levels of less than 5 mg.% of the free drug. Only the latter was demon¬ 
strable in the milk, attaining a concentration of 1.1 mg.%. All the other 
drugs attained maximum blood levels ranging from 5 to 13 mg.% free drug. 
Only sulfanilamide and sulfapyridine came through the mammary gland 
in concentrations approaching those found in the blood. Sulfapyridine 
reached higher levels in both blood and milk. D.P.G. 

453. The Use of Sodium Sulfamerazine in Foot Rot (Infectious Podo- 

dermatis, Interdigital Phlegmon) in Cattle. F. T. Canalin. 

Amer. Vet. Med. Assoc. Jour., Ill, 847: 278-281. Oct., 1947. 

Sodium sulfamerazine was injected intravenously into 34 cows and 1 bull 
as a cure for foot rot. In all but one case, recovery was rapid, complete and 
satisfactory. Cows with secondary infections involving the deeper struc¬ 
tures of the foot may require 4-6 days for recovery; other cases require only 
2-3 days. Optimal dosage is approximately 3 g. of sulfamerazine per 100 lb. 
of body weight and should be given in a single dose. No toxic results were 
noted. T.M.L. 


FEEDS AND FEEDING 

454. Handling Fresh Alfalfa before Dehydration. R. E. Silker and H. H. 
King,' Kansas Agr. Expt. Sta., Manhattan. Indus, and Engin. 
Chem., 39, 9: 1163-1165. Sept., 1947. 



A186 


ABSTRACTS OF LITERATURE 


Dehydrated alfalfa meal obtained from field-chopped alfalfa contained 
slightly less carotene than did meal produced in the conventional manner 
from long alfalfa, which was chopped just prior to dehydration. Before 
dehydration, the field-chopped hay lost about 3% of its carotene per hour, 
but it lost less carotene during dehydration than did the long hay. Field 
chopping apparently does not seriously reduce the carotene content of 
alfalfa meal. B.H.W. 

455. Vapor Pressure of Water Adsorbed on Dehydrated Alfalfa. W. G. 

Schbenk and H. H. King, Kansas Agr. Expt. Sta., Manhattan. 
Indus, and Engin. Chem., 39, 9: 1165-1167. Sept., 1947. 

The vapor pressure of water adsorbed on dehydrated alfalfa was mea¬ 
sured in the region of 2.2 to 14.1% moisture and in the temperature range 
from 17 to 50° C. Typical S-shaped adsorption isotherms were obtained. 
Protein content of the meal had little effect on vapor pressure. Blanching 
prior to dehydration did not alter the position or shape of the vapor pressure 
curves. B.H.W. 

456. Storage of Commercial Dehydrated Alfalfa Meal. R. E. Silker, 

W. G. Schrenk, and H. H. King, Kansas Agr. Expt. Sta., Man¬ 
hattan. Indus, and Engin. Chem., 39, 9: 1160-1162. Sept., 1947. 

Alfalfa meal held in storage cave at about 38° F. and 82% relative 
humidity showed improved carotene stability at low-temperature storage and 
when the moisture content of the meal was held higher than its moisture 
at the time of milling. No advantage was derived from the use of water¬ 
proof packaging for meal storage. B.H.W. 

FOOD VALUE OF DAIRY PRODUCTS 

457. De Voedingswaarde van Melk, Vergelijking van Koemelk en Vrou- 

wenmelk (Nutritive Value of Milk, Comparison between Cow’s 
Milk and Human Milk). Chr. Engel, Central Instituut voor 
Voedingsonderzoek, Utrecht, the Netherlands. ‘Netherlands Milk 
and Dairy Jour., 1, 1: 43-56. 1947. * 

A compilation of recent literature dealing with composition of cow’s and 
human milk and colostrum, including tables on essential amino acids, fatty 
acids, vitamins, and minerals, is presented. Comparisons between the two 
types of milk are made wherever possible. 59 references. I.P. 

ICE CREAM 

458. Effect of Different Homogenizer Valves on Some Abnormal Ice 

Cream Mixes. A. Leighton, Division of Dairy Research Laborer 
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tories, Bureau of Dairy Industry, Washington, D. C. Ice Cream 
Rev., 31, 2:42. Sept., 1947. 

Mixes which were difficult to whip when processed in the conventional 
manner were found to whip easier with a change in homogenization pro¬ 
cedure. Comparative trials in which portions of the same mix were 
homogenized with an old first-stage valve, a new first-stage valve, and with 
the second-stage valve operated at pressures normally used with the first- 
stage valve revealed that best results were obtained when the mix was proc¬ 
essed with the second-stage valve only. It further was shown that the por¬ 
tion of the mix processed with the old first-stage valve produced a mix of 
better whipping ability than when the new first-stage valve was employed. 
The use of a multi-flow homogenizer likewise produced a mix with better 
whipping properties than wheu processed with either of the first-stage valves. 
The use of a high pressure on the second-stage valve not only improved the 
whipping ability of the mix but also made the mix thinner, so that it handled 
better on the cooler, reduced the motor load in freezing, and produced better 
ice cream with respect to its body and texture. 

When mixes of low whipping ability containing 8, 12, and 16% fat were 
used, the improvement in whipping ability through the use of the second- 
stage valve was most pronounced with the higher fat mixes. The whipping 
ability of chocolate mixes, as well as mixes prepared from butter, was im¬ 
proved by processing with the second-stage valve only. With mixes of nor¬ 
mal whipping ability, there was little or no difference in the behavior of 
mixes treated with the first-stage as compared with that processed with the 
second-stage valve only. In another trial with a normal mix, better results 
were obtained with the first-stage valve than when the mix was processed 
with the second-stage valve. 

’ No explanation for differences in the whipping ability of these mixes 
could be found from a microscopic examination of them. On the basis of the 
Parral index, all mixes showed satisfactory breakup of the fat globules. 
One explanation for the differences observed is that in some way the adsorp¬ 
tion of protein on the butterfat globule was more thorough in mixes when 
processed with the second-stage valve only. Results obbtained in this in¬ 
vestigation indicate the need for a better way of expressing homogenization 
efficiency. W.J.C. 

459. Mix Stabilizers and Whipping Agents. P. H. Tracy, Univ. of Illi¬ 
nois. Ice Cream Rev., 31, 2: 80. Sept., 1947. 

The origin, method of manufacture, and the possible advantages and 
disadvantages for use in frozen dairy foods of a number of stabilizing agents, 
including gelatin, carob bean, pectin, dariloid, Irish moss, quince-seed ex¬ 
tract, gums, and sodium carboxymethyl cellulose, are discussed. 
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The general nature and properties o£ several emulsifying agents being 
offered to the ice cream industry are presented. These emulsifying agents 
serve much the same function as egg yolk in ice cream. Their use will result 
in faster whipping, smaller air cells, a drier ice cream, and a smoother 
texture. One possible disadvantage of using emulsifying agents in ice cream 
is that they may cause shrinkage. W.J.C. 

460. The Case for Liquid Sugar. C. F. Koerver, The Borden Co., N. Y. 

Ice Cream Field, 50, 2: 16-18, 67, 77. Aug., 1947. 

% 

The following specifications are given for a good liquid sugar-sucrose: 
Color, white and crystalline clear; sugar, sucrose 99.5% and invert 0.5% of 
total sugar; ash content, 0.1% of total solids; brix, not higher than 67.5; pH 
6.3; bacteria, less than 1,000 per ml.; B. coli, negative. Taking the sirup 
density with a brix hydrometer calibrated to 68° F. after diluting the sirups 
to twice their weight with water is recommended. 

Ice cream plants in metropolitan areas or communities in which refineries 
are located profitably may use liquid sugar provided their annual minimum 
sugar consumption is 300,000 lb. In communities away from these areas, 
a minimum of 500,000 lb. annually would be required to make the necessary 
installations profitable. Delivery in drums is uneconomical, but delivery by 
tank trucks of 1,000 to 2,500 gallon capacity or in tank cars of 6,000 to 
8,000 gallon capacity is considered good practice. The pipeline from the 
street level to the storage tanks should be at least 2.5 in. in inside diameter 
and may be of galvanized iron. 

Protection from moisture and the use of “Sterilamps” in storage tanks 
are recommended. Accurate weighing of sirup delivered is imperative and 
the use of weighing tank scales for all liquids going into the pasteurizer is 
recommended. 

Iron in liquid sugar is objectionable because it will cause undesirable 
discoloration in chocolate ice cream and may contribute to oxidized flavor 
in general. The claim is made that invert sugar in liquid sugar to the extent 
of 15% of the total sugar content is satisfactory for ice cream manufacture, 
but texture difficulties may result if this value is exceeded. The amount of 
invert sugar can be increased to 20 or 25% in the case of i8es and sherbets. 
Mention also is made of using a blend of liquid sugar (sucrose) and com 
sirup in the ratio best suited for plant needs. For miscellaneous purposes 
it is well to have a small amount of dry sugar on hand. 'W.C.C. 

461. ' Evaluation of Ice Cream Sweeteners. H. A. Bendixen, Washington 

State College, Pullman. Ice Cream Field, 50, 2: 20-22. Aug., 
1947. 

A classification and brief description is given of the sweeteners commonly 
used in ice cream. Literature is cited to shew that the concentration at 
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which the sweetness of sweeteners is evaluated materially influences the 
results. "When com sugars are used in combination with sucrose they semi 
sweeter than when tasted alone. 

It is stated: “For each pound of cane sugar to be replaced about 1.0-1.1 
pounds of dextrose, 1.3-1.5 pounds of high conversion corn sirup, 1.7-2.0 
pounds com simp solids, 2.5 pounds of regular sirup, 1 pound of invert 
simp, 1.3-1.4 pounds of honey should be used.” 

Several methods of inverting sugar, as reported in the literature, are 
cited, and brief mention is made of the use of honey as a sweetener. 

W.C.C. 

462. Com Is Also Ice Cream Sweetener. It. J. Trebilcock, Com Prod¬ 

ucts Sales Co. Ice Cream Field, 50, 2: 24. Aug., 1947. 

The author claims that best results are obtained in sweetening ice cream, 
ices, and sherbets by using two or more sweeteners. A combination of £ dex¬ 
trose, i corn simp, and | cane or beet sugar is recommended. W.C.C. 

463. Why and How to Sell Ice Cream in a Grocery Store. J. M. Cum¬ 

mings, General Ice Cream Corp. Ice Cream Field, 50, 2: 28, 30,32. 

Sept., 1947. 

Reference is made to a survey by the Homemakers Guild of America in 
which it was reported that 77.1% of the women interviewed preferred to buy 
all their food and household needs in one store but only 3.6% were buying 
their “take-home” ice cream in the one-stop super markets. An additional 
22J% were buying their “take-home” ice cream in smaller neighborhood 
grocery stores, and 79.3% of the carry-out ice cream was being sold in non¬ 
grocery outlets. 

Sales of ice cream in grocery-type stores are ou the increase, as the 
author’s company sold 22% of its ice cream to grocery stores in 1945, 23% 
in 1946, and an even larger percentage in 1947. 

The value of point-of-sale advertising and suitable display cabinets 
properly located is stressed for selling ice cream. Insulated bags and, in 
some cases, dry ice in addition, are considered helps in selling ice cream in 
the grocery store. Proper pricing of the ice cream and maintaining quality 
are essential to, successful selling. W.C.C. 


MILK 

464. The Practical Significance of So-called Heat-resistant Coliform 
Orga nism s in the Coliform Testing of Pasteurized Milk (Abs.). 
Edythe C. Alff and L. Buchbindkr, Bureau of Laboratories, New 
York City Dept, of Health. Jour. Bact., 53, 4:505. April, 1947. 

Heat-resistant coliforms rarely, if ever, were found in the final product 
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in a milk-plant study of raw, line, and final milk. A study of 1,000 samples 
of raw milk over a period of 1 year showed that far fewer coliform organisms 
are found in raw milk than commonly are used in the laboratory pasteuri¬ 
zation of coliforms. When reasonable numbers of test organisms were used, 
complete kill always was obtained when employing the technic of complete 
submersion, but not when two technics for partial submersion were used. 
It is concluded that coliforms are not found after laboratory pasteurization 
when the proper method and reasonable numbers of organisms are used. 
Heat-resistant coliforms seem to have no practical significance in the coliform 
testing of pasteurized milk. D.P.Q. 

465. Method and Application for Deaerating Liquid Foods. P. F. Sharp, 

D. B. Hand, and E. S. Guthrie. (Assigned to Cornell Research 

Foundation.) U. S. Patent 2,428,044, Sept. 30, 1947 (13 claims). 

U. S. Patent Office Off. Gaz., 602, 5: 737. 1947. 

The vitamin C content is preserved and the development of certain off 
flavors retarded by deaerating milk prior to bottling under air-free condi¬ 
tions. The authors describe a continuous method of deaeration by spraying 
the milk at a temperature of 105-115° F. into a vacuum chamber where an 
amount of water is evaporated equal to about 0.5 to 2% of the weight of the 
milk and the temperature is reduced by about 7 to 15° F. The deaerated 
milk is removed continuously from the bottom of the chamber at approxi¬ 
mately the rate at which it enters and is then cooled and packaged under 
subatmospheric pressure to prevent aeration. A regenerative heating and 
cooling step may be employed for greater economy. R.W. 

466. Liquid Treating Apparatus. P. F. Sharp, D. B. Hand, and E. S. 

Guthrie. (Assigned to Cornell Research Foundation.) U. S. 

Patent 2,428,045, Sept. 30, 1947 (8 claims). U. S. Patent Office 

Off. Gaz., 602, 5 : 737-738. 1947. 

An apparatus in which liquids, such as milk, may be deaerated or gaseous 
or readily vaporizable materials may be removed continuously is described. 
The product is introduced as a spray through a perforated pipe into a 
cylindrical tank maintained under vacuum. A definite volume of gas-free 
liquid is allowed to collect in the bottom of the tank and then is removed 
continuously by means of a pump from an outlet at the bottom. A leveling 
device controls the rate of intake and the volume of deaerated liquid main¬ 
tained in the chamber. R.W. 

467. Flavors in Milk from the Farm. F. J. Doan, Dept, of Dairy Hus¬ 

bandry, Pennsylvania State College. Milk Dealer, 36, 11: 72-76. 
Aug., 1947. 
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Undesirable flavors found in milk coming from the farm, listed in the 
order of their frequency, are: (a) feed and weed, (b) cowy or barny, (c) 
salty, (d) rancid, (e) bacterial, (f) flat, (g) bitter, and (h) foreign. The 
cause and prevention of these undesirable flavors are discussed. C.J.B. 

468. Quality Milk Production Program. Anonymous. Milk Dealer, 36, 

11:47,48,80. Aug., 1947. 

The Dixie Dairy Co. of Gary, Indiana, has made effective use of the Indi¬ 
ana State champion 4-H Club demonstration team to help sell the company’s 
producers on quality milk production. The team is used at farm group 
meetings. The program for the meetings and the team script arc given. 

C.J.B. 

469. Cooling Jacket for Milk Cans. C. P. van Frank. U. S. Patent 

2,426,475, Aug. 26, 1947 (2 claims). U. S. Patent Office Off. Gaz., 
601, 4: 663. 1947. 

Milk or cream in the conventional type of can is kept cold by means of 
a jacket which fits loosely over the can and is sealed to a base plate on which 
the can rests. Cold water is admitted into the space between the can and 
semiporous jacket. R.W. 

470. Milk Strainer Pad Dispenser. R. Schneider. U. S. Patent 2,428,530, 

Oct. 7, 1947 (2 claims). U. S. Patent Office Off. Gaz., 603, 1: 108. 
1947. 

To keep milk strainer pads clean and protected a dispenser has been 
developed comprising a covered cylindrical storage receptacle with a hinged 
bottom door through which the pads are easily removed one at a time as 
required. R.W. 

471. Cooperative Advertising Pays. H. "Wagenseil, Hugo Wagenseil and 

Associates, Dayton, Ohio. Milk Dealer, 36, 11: 41, 42, 100, 101. 
Aug., 1947. 

A description of the cooperative advertising and promotion plan devel¬ 
oped in 1938 by milk dealers in Dayton, Ohio, to move surplus milk is given. 
The record of accomplishments is worthy of the attention of dealers in other 
cities. C.J.B. 

472. Cream Separator. L. D. McNeill. U. S. Patent 2,428,429, Oct. 7, 

1947 (1 claim). U. S. Patent Office Off. Gaz., 603, 1:84. 1947. 

To remove eream from the top of a bottle of milk there is submerged into 
the cream layer a device consisting of a cylinder having a flange and gasket 
for saline the top of the device to the cap seat of the bottle and a perforated 
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bottom which permits most of the cream to be poured off without 
with the lower layers of low-fat milk. R.W. 

SANITATION AND CLEANSING 

473. The “Reversal”, Neutralization, and Selectivity of Germicidal Cati¬ 

onic Detergents. M. Klein and Zelma G. Kahdon, Dept, of Bac¬ 
teriology, School of Medicine, Univ. of Pennsylvania, Philadelphia. 

Jour. Bact., 54, 2 : 245-251. Aug., 1947. 

Careful distinction is made between reversal of the bacteriostatic activity 
of cationic detergents after contact with bacteria and neutralization of activ¬ 
ity before contact. Anionic detergents tested did not reverse the activity 
of two cationic detergents. However, in one instance, bacteriostatic action 
of zephiran against Gram-negative bacteria was neutralized, while the same 
action against Gram-positive bacteria was not neutralized. Zephiran has a 
high degree of selectivity and possesses several hundred-fold greater activity 
against Gram-positive than against Gram-negative bacteria. D.P.G. 

474. Inactivation of the Germicidal Action of Quaternary Ammonium 

Compounds (Abs.). C. A. Lawrence, Winthrop Chemical Co., 

Inc., Renssalaer, N. Y. Jour. Bact., 53, 3: 375. March, 1947. 

A suitable inactivator for the antibacterial action of quaternary ammo¬ 
nium germicides must m'eet certain requirements. It should, as completely 
as possible, neutralize the bacteriostatic and bactericidal actions of the 
quaternaries and maintain the neutralized state for a prolonged period of 
time. The neutralizing agent itself should not possess antibacterial proper¬ 
ties. Several anionic detergents, including soaps, do not meet these require¬ 
ments. A series of compounds that give a precipitate in the presence of 
quaternary ammonium solutions failed to inactivate completely the germi¬ 
cidal action of the latter. A sulfonic acid derivative, the sodium salt of sym¬ 
metric bis (m-amino-benzoyl-m-amino-p-methylbenzoyl-l-naphthyl-amino- 
4,6,8-trisulfonic acid) carbamide, closely meets the requirements for an 
inactivator. D.P.G. 

# 4 

MISCELLANEOUS 

475. Soil Conservation. Anonymous. Milk Dealer, 36, 11 : 43-44, 92-94. 

Aug., 1947. 

The importance of soil conservation to the dairy industry is discussed 
and methods are set forth whereby milk dealers and other businessmen can 
support the national program. C.J.B. 
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standards of identity for, A3, A77 
20% Steppe, A45 
store rooms, A67 
Swiss, 
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grade and composition, A78 
solids and fat, basis for payments, A3 
texture, hydraulic pressing, A16 
tube for drainage of, A124 
Cheesemaking, 
centrifuge in, A107 

from milk pasteurized at high tempera¬ 
tures, A166 
licensing for, A27 

Cheese cultures, acid production by, A78 
Chemotherapy, modern development, A1 
Chlorides, Sendroy’s iodometric method for, 
A79 

Chlorine compounds, comparison with qua¬ 
ternary ammonium compounds, A103 
Chocolate ice cream, A9 
Chocolate milk, A115, A154 
Churn, rotary dasher for, A122 
Cleaners, surface chemistry of, A16 
Cleaning, 

of dairy plants, methods and materials, 
A37 

of electric windings, A37 
Cleaning compounds, developments in, A15 7 
Cobalt, radioactive, excretion and tissue 
distribution, A157 
Colif orm bacteria, 
as cause of gas in cheese, A123 
heat-resistant, in milk, A189 
in dairy products, A43, A91, A120, A121 
in pasteurized milk, A42, A121 
medium for, A181 
Colostrum, 

buffalo, fatty acids of, A69 
immune proteins of, A69 
vitamin A in, A78 
vitamins and trace elements in, A143 
Compressors, booster, for refrigeration, 
A87' 

Condensed milk, manufacture, by vacrea- 
tion, A35 

Conservation, soil, importance to dairy in¬ 
dustry, A192 
Containers, 

fiber, for butter, A165 
paper, for milk, A154 
Cooking qualities, of homogenized milk, 

A74 

Cooling, of milk, 
jacket for cans in, A191 
on farm, A173 


Copper, determination of, A94 
Corn sweeteners, in ice cream, A149; A189 
Costs, in milk handling, A115 
Cottage cheese, 

creaming and packaging, A123 
manufacture, A123 

Cow manure, chick growth factor in, effect 
of soybean oil meal in diet upon, A171 
Cream, 

cultured sour, A147 

fat determination, by Kohler method, 
A94 
frozen, 

for ice cream, Alll 
stabilizers in, A136 
plastic, A70, A183 
separator, for use in bottles, A191 
sour, extraneous matter test, A2 
titratable acidities and pH of, A165 
treatment, A58 
vacreation, A3 5 

Cream products, manufacture of, A75 
Creamery, efficiency of, A63 
Cryoscopic method, for added water, A35 
Culture medium, maintenance of moisture 
in, A182 

Curd content, of butter, A122 

Dairy cattle, feed for, potato silage as, 
A50 

Dairy manufacturing, developments, A35 
Dairy plant, 

cleaning methods and materials, A3 7 
design and layout, A104, A177 
equipment of, standards for, A131 
in Berlin, A62 
Dairy products, 
expanding markets for, A102 
price supports for, A62 
Dairy wastes, 
control of, A117 

prevention and disposal, A87, A136 
treatment of, A117 
DDT, 

in milk and butter, determination by or- 
ganlc chlorine, A46 

in milk*and fats, colorimetric determina¬ 
tion of, A46 

insect control by, in dairy plants, A61, 
A133, A175 
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Deaeration, of milk, 
device for, A190 

preservation of vitamin C by, A190 
Defrosting, frozen foods, A75 
Dehydrated alfalfa meal, 
commercial storage of, A186 
handling before dehydration, A185 
vapor pressure of adsorbed water of, A186 
Delivery, milk, 6-day week for, A86 
Design, of dairy plants, A177 
Detergents, 

alkaline, testing, A125 
germicidal cationic, reversal, neutraliza¬ 
tion and selectivity of, A192 
surface chemistry of, A16 
Dishwashing, quaternary ammonium com¬ 
pound as rinse in, A174 
Disinfectants, non-chlorine, A17 
Dispenser, for milk from can, A157 
Dried milk, 

acidity of, A169 
compression of, A19 
future of, A125 
keeping quality of, A18 
leucine in, A145 

storage of, effect on essential amino 
acids, A146 
whole, 

keeping qualities of, A18 
oatgum in, A18 

ECONOMICS, in the dairy industry, A177 
Efficiency, creamery, A63 
Electrical windings, cleaning of, A37 
Electronics, in dairy industry, A161 
Emulsifiers, in ice cream, A 52 
Entcrotoxin, production by micrococci, A67 
Equipment, dairy, sanitation standards for, 
A174 

Evaporators, blower-type, in ice cream 
plants, A7 
Extraneous matter, 
in cheese, A92 
in milk, A24, A33 
in sour cream, A2 

• 

jf ARM sanitation, A133 
Fat, 

analysis by ultraviolet spectrophotom¬ 
etry, A47 


body tissue, stabilization by tocopherols, 
A51 

digestibility of, for humans and rats, 
A50 

effect on galactose utilization, A 80 
estimating peroxide in, A124 
in buffalo milk, A144 
oxidation in butter, A124 
stability, determination of, A79 
Fat sources, for ice cream, storage of, A152 
Fat test, Kohler method for, A94 
Fatty acid derivatives, of proteins, A18 
Fatty acid derivatives, of proteins, plastic 
properties of, A18 

Fatty acids, of buffalo colostrum, A69 
Feeds, as affecting flavor of milk, A34 
Fertility, problem of, A42 
Fieldman, duties of, A133 
Filter discs, placement and milk sediment, 
A135 
Flavor, 

in ice cream, A4 
in milk, effect of feeds, A34 
in milk, from farm, A190 
Food, world outlook, A89 
Food poisoning, 
by micrococci, A67 

staphylococcal, survival of bacteria, A14 
Foot rot, of dairy cattle, 
sulfonamide injections for, A171 
treatment with sodium sulfamerazine, 
A185 

Freezer, for ice cream, A72 
Frozen food stores, ice cream merchandis¬ 
ing in, A10 
Frozen foods, 

cavity ice in, A10 
cooked, A88 
Fruit, 

flavors, for ice cream, ^151 
for ice cream, Alll, A172 
preserved, for ice cream, A53 
purees, in ice cream, A6, A151 
Fuel utilization, efficiency of, A160 

G ALACTOGrEN, from beef lung, A157 
Galactose, absorption and utilization, as 
affected by fat, A80 
Gas content, of butter, A16 
Germicides, surface active cationic, effect 
on milk bacteria, A15 
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Ghee, 

manufacture, A16 
storage, A16 

Glass block, for dairy walls, A160 

Glycerides, mono* and di-, and interfacial 
tension, A80 

Grocery stores, ice cream sales by, A189 

Hardening, of packaged icc cream, 
A173 

Heat, high frequency for defrosting, A75 

Hemorrhagic septicemia, treatment with 
sulfamerazinc, A109 

Heredity, of spotting, of Holstein-Friesian 
cattle, A163 

Homogenized milk, processing of, A34 

Homogenizer, increased capacity for milk, 
A100 

Homogenizer valves, and abnormal ice 
cream mixes, A186 

Hormones, anterior pituitary, preparation 
and chemistry of, A 60 

Human milk, nutritive value of, compared 
to cow’s milk, A186 

Hypothalamic lesions, and obesity of ani¬ 
mals, A61 

IcE cream, 

advertising, trends in, A54 

and frozen foods, A56 

ascorbic acid in strawberries for, A71 

bananas in, A 111 

bulk sales, A54 

cabinets, A22, A127 

carboxymethylcellulose in, A126 

chocolate, A9 

color, A98 

cooperation with retail outlets, A 85 
corn sweeteners in, A149, A189 
costs, A83 

customer surveys, A127 
dishing, device for, A172 
emulsifiers in, A52 
fat sources for, A152 
flavors in, A4, A21, A98, A151 
freezer, A72 
frozen cream in, A 111 
fruit, A4, A21, Alll, A172 
fruit purees in, A6, A151 
hardening, 
blower system, A150 


tunnels for freezing, A97, A151 
vertical bins for, A151 
history of, A5 

importance to dairy industry, A85 
increased costs, A 52 
less sugar in, A8 
liquid sugar for, A188 
merchandising, 

in frozen food stores, A10 
in grocery stores, A189 
in super-markets, A22, A55 
on retail milk routes, A56 
sanitation in, A56 
store layout, A22 
store planning for, A 55 
through stores, A127 
trends, A84 

new ingredient for, A150 
nuts for, A4, A21 
packaged, 

future of, A99 
hardening of, A172 
improvement of, A82 
pint, A56 
sales of, A110 
plant planning, A53 
preserved fruit for, A53 
pricing, A127 
production, A98 
production figures, A 3 00 
proposed standards, A131 
raspberries in, A72 
review of literature on, A126 
sales, trends in, A 54 
sanitary control, A149 
selling, 

by weight, A23 
in food stores, A99 
in super-markets, A98 
. retail stores for, A153 
through vending machines, A84 
shrinkage in, A53, A81, A98, A126 
solids-not-fat, A4 
stabilizers for, A21, A187 
sweeteners, evaluation of, A188 
use of plastic cream in, A183 
wrapping, slices, A20 
Ice cream mix, 
dried, 

abnormal, effect of homogenizer valves 
on, A186> 

and concentrated, A149 
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composition of, A4 
mannfacture, of, A33, A82 
vacreafcion, A35, A96 

Incubation, temperatures, for standard plate 
counts, A180 
Insect control, 
chemical, on the farm, A135 
in dairy plants, A27, A61, A134 
on the dairy farm, A159 
with DDT, A13S, A134, A175 
Inspection, of milk, standards for, A132, 
A175 

Insulation, thermal, 
by Isoflex, A39 
by silica aerogel, A39 
Styrofoam, All 

Interfacial tension, of oil-water system con¬ 
taining mono- and di-glycerides, A80 
Iodometric method, Sendroy’s, for chlo¬ 
rides, A79 

Iron, in biological material, A79 
Isoflex, as thermal insulation, A39 

Keeping quality, 

of Australian dried milk, A18 
of butter, effect of storage temperature, 
A15 

of dried whole milk, A18 
Laboratory control of milk, A141 
Laboratory tests, for milk control, A24, 
A 25 

Laetalbumen, food value for man, com¬ 
pared to casein, A171 
Lactobacillus bulgaricus, viability in dry 
cultures, reconstitution temperature in¬ 
fluence, A43 

Lactobacillus casei, A181 
Lactobacilli, in Cheddar cheese made from 
pasteurized milk, A183 
Lactoglobulins, immune, in whey, A69 * 
Lactose content, in milk, A144 
Leadership, in dairy plant operation, A176 
Leucine, in dried milk, A145 
Licensing, for daily operators, A27 
Limburger cheese, for processing, A68 
Lipolytic flavor, in Cheddar cheese, A93 

Mammary gland, Instating, permeabil¬ 
ity to sulfonamides, A185 

penicillin treatment of, A170 


prevention, A19 

prevention, cure, and control, A126 , 

staphylococcic, penicillin treatment of, 
A148 

treatise on, A41 

Mastitis milk, aB feed for heifer, A108 
Merchandising, ice cream, A84 
Metals, use in milk equipment, A114 
Methyl hydroperoxido oleate, A47 
Methylene blue test, 

effect of heat-resistant reducing sub¬ 
stances on, A163 

for milk, comparison with resazurin, A 29 
Micrococci, as cause of food poisoning, A67 
Microscope, in milk control, A91, A128, 
A163 
Milk, 

between meals, for children, A33 
bottles, A 58 

buffalo, fat composition of, A144 
cabinet cooler, A173 
calcium content of, A143 
can dispenser for, A157 
chemical qhanges resulting from heating, 
A30 

chocolate, A115, A154 
coliform bacteria in, A42, A43, A91 
composition, variations in, A108 
concentrated, history and manufacture 
of, A124 

condensing, by vacreation, A35 
consumption, habits, A115 
control, laboratory tests for, A24, A25 
cooling, on farm, A173 
cooperative advertising for, A191 
“cowy” flavor, relationship of acetone 
bodies to, A168 
deaeration, * 

device for, A190 

for preservation of mtamin 0, A190 
defects, onion flavor, A95 
delivery, 6-day week for, A86 
direct microscopic method of examina¬ 
tion, A91 
dried, 

Australian, keeping quality of, A18 
compression of, A19 
future of, A31, A125 
season ofproduq&ion and keeping qual¬ 
ity, A*4 
whole, 

keeping qualities, A18 
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MUk ( continued ) 
manufacture of, A 71 
oatgum mixes in, A18 
effect of metals on, A114 
extraneous matter in, A24, A33 
federal regulation, A41 
flavors in, from farm, A34, A10O 
fluid, future of, Aid 
frozen, protein flocculation in, A173 
handling costs, A114 
heat-resistant coliform bacteria in, A189 
homogenized, 

eooking qualities of, A74 
processing of, A 34 

use and merchandising, A129, A155, 
A174 

homogenizer, increasing capacity of, 
A100 
human, 

for infants, A95 
vs. cow's for infants, A95 
inspection, uniform, A132, A175 
laboratory control of, A141 
lactose content of, A144 
merchandising, training of routemen, 
A 60 

midwestern or Canadian for New En¬ 
gland, A102 

nutritive value of, compared with human 
milk, A186 

off-flavor and production methods, A57 
pasteurization, 
by electricity, A 72 
by ultraviolet, A86 
in small towns, A153 
short-time high-temperature for, A73 
preservation, with quaternary ammonium 
compounds, A155 
procurement, A128 
production, 
and control, A101 
leveling of, A57 
trends in United States, A85 
quality, effect of atmospheric tempera¬ 
ture on, A113 
quality control, 

4«H clubs in program for, A191 
improvement of, A74, A113, A114 
riboflavin balance studies, A96 
tales, competition with other foods, A156 


Milk ( continued ) 

sediment in, due to rinse water, A154 
sediment tester, A75 
short-time, pasteurization of, A130 
spray drier for, A125 
square bottles, A23 
stabilizing production of, A155 
standards for grade A, A128 
strainers, A24 

sweetened condensed, cooling of, A125 
titratable acidity of, A93 
trends of the industry, A102 
vacreation, A35 

variability in duplicate standard plate 
counts, A180 
vitamin A in, A78 
vitamin D in, A129 
watering, control, A35 
Milk cans, jacket for cooling, A191 
Milk fever, as a manifestation of alkalosis, 
A148, A169 

Milk inspection, multiple standards for, 
A175 

Milk pail, A131 
Milk plant, accounting, A156 
Milk powder, production and marketing, 
A50 

Milk products, federal and state standards, 
A74 

Milk sanitarian, qualifications, A25 
Milk sugar, A32 

Milking, by machine, pulsator stimulus and 
rate of, A 20 
Milking, managed, A96 
Milking machines, 

cleansing by wetting agents, A36 
new device, A173 

source of thermoduric bacteria, A13 
stimulus and rate, A20 
Mix, ice cream, powdered, A4, A82 
Mold mycelia, as index of butter quality, 
A77 

Musclar dystrophy, in young calves, A109 

Niacin, assay for, A145 

0 BE8ITY, of animals, hypothalamic 
lesions and, A61 
Off-flavors, in cheese, A92 
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Oil, 

carryover in refrigerator systems, A88 
rancidity tests for, evaluation, A48 
simulated soybean, preparation and 
flavor, A48 

soybean, flavor reversion by oxygen, A48 
Oregon, program of licensing, A27 
Oxygen absorption test, for fat stability, 
A70 

Packages, 

for ice cream, A99 
grease resistance of, A105 
pail, milk, A131 

Pantothenic acid, sparing action of casein 
for, A172 
Pasteurization, 
of milk, 

compulsory, A113 
in small towns, A153 
licensing of operators, A27 
quality control of, A101 
with ultraviolet rays, A86 
short-time high-temperature, 
checking of, A130 
equipment for, A74 
for cheesemaking, A166 
for dairy products, A73, A130 
pros and cons, A73 
safety factors for, A100 
with electricity, A72 

Pastures, prevention of onion flavor from, 
A95 

Peaches, frozen, for ice cream, A112 
Penicillin, 

for treatment of bovine anthrax, A170 
for treatment of mastitis, A170 
for treatment of staphylococcic mastitis, 
A148 

in isolation of Brucella abortus , A1 
Pennsylvania method, for butterfat, A168 
Peroxide, estimation in fat, A124 
Photocolorimetric method, for quaternary 
ammonium compounds, A158 
Plant accounting, 
and costs, A137 
and losses, A138 

Plant efficiency, and sanitation, A131 
Plastic cream, A70 
Plate counts, standard, 
incubation temperatures for, A180 
\ variability in duplicate, A180 


Pneumonia, treatment with sulfamerazine, 
A109 

Power printer, for butter, A165 
Price supports, for dairy products, A62 
Procurement, of quality milk, A128 
Protein fiber, process for hardening, A183 
Protein flocculation, in frozen milk, A173 
Proteins, 

crude whey, manufacture, A31 
effect of dry heat on, A183 
fatty acid derivatives of, A18 
fatty acid derivatives of, plastic proper- 
ties, A18 

immune, from colostrum, A09 
in animal nutrition, A51 
Public relations, in the dairy industry, A89 

Q UALITY, in dairy products, A105, 
A162 

Quaternary ammonium compounds, 
advantages, A17 
as cleansers, A132 
as preservatives for milk, A155 
comparison with hypochlorites, A103 
in dairy industry, A17 
in dishwashing, A174 
inactivation of germicidal action of, 
A192 

Quaternary ammonium salts, determination 
of, A158 

Rancidity, in oils, tests for, A48 
Receiving room, for milk, A113 
Refrigeration, 

air blast freezing, A88 
booster compressors for, A87 
fast-freezing tunnels for ice cream, A97 
new developments in, A161 
of storage space, All£ 
oil carryover in, A88 
pipe size determination, A38 
Reproduction, 
mammalian, A42 

physiology of, relation of time and 
temperature All, 

Resazurin test, 

effect of heat-resistant reducing sub¬ 
stances on, A163 

for milk, comparison with methylene 
blue, A29 

“pink test M , for cheese acidity produc¬ 
tion, A186 
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Research, dairy, * 

in Canada, A01 

manufacturing, developments through, 
A35 

Retail stores, for ice cream sales, A153 
Riboflavin, utilization from milk, A96 
Rodents, control in dairy plants, A61, A103, 
A134 

Routemen, milk, training of, A60 

SaFETY program, A138 
Salt, influence on butterfat oxidation, A124 
Sampling device, for thermal death range 
of bacteria, A14 

Sanitarian, milk, qualifications, A25 
Sanitary spoon rest, A83 
Sanitation, 

and plant efficiency, A131 
in ice cream merchandising, A56 
in the dairy plant, by swab test, A44 
on the farm, A133 
soda fountain, A158 
standards, for dairy equipment, A174 
Sanitizing, of cans, A159 
Sediment in milk, 
and clean cows, A135 
can lids and, A135 
due to non-rinsing of strainers, A136 
from rinse water, A154 
sources in sweetened condensed, A146 
Sediment tester, for milk, portable, A75 
Serum albumins, crystallization of, A145 
Shrinkage, in ice cream, A53, A81, A98, 
A126 

Silage, potato, as feed for dairy cows, A50 
Silica aerogel, as thermal insulation, A39 
Soda fountain, sanitation, A158 
Sodium sulfamerazine, for foot rot of cat¬ 
tle, A185 

Solids-not-fat, research on, A4 
Spectrophotometry, ultraviolet, for analysis 
' of fats and oils, A47 
Sperm fertility, duration of in ewe, A164 
Spotting in cattle, heritability of, A163 
Spray drier, for milk, A125 
Spread, dairy, method of producing, A32 
Stabilizers, in frozen cream, A136 
Stabilizing agents, for mix, A187 
Standards, 

of identity, for cheese, A3, A77 
federal and state, for milk products, A74 


for dairy plant equipment, A131 
for grade A milk, A128 
sanitary, for dairy equipment, A174 
Staphylococci, 

cause of abortion in dairy cattle, A170 
food poisoning, survival, A14 
in sweetened condensed milk, A141 
penicillin therapy for, in mastis, A148 
Steam regeneration, for boiler blow-off 
systems, A104 
Sterilization, 

of dairy ntensils, A116 
of water, electrical, A36 
Storage tanks, milk, on farms, A114 
Store rooms, cheese, A67 
Strainers, 

and milk sediment, A135 
dispenser for pads, A191 
for milk, A24 
Sugar, milk, A32 > 

Sugars, for ice cream, 
evaluation of, A188 
liquid, A188 
reduction of, A7 

Sulfamerazine, for treatment of hemor¬ 
rhagic septicemia and pneumonia of cat¬ 
tle, A109 
Sulfonamides, 

effect on lactating bovine mammary 
gland, A185 

injection for foot rot, A171 
Supply and demand, in dairy industry, 
A105 

Surface active agents, detection of, A89 
Swab test, for sanitation, in dairy plants, 
A44 

Sweetened condensed milk, 
cooling of, A125 
flavor and color, A145 
pathogenic staphylococci in, A141 
sediment in, A146 
viscosity of, A146 

Sweetening agents, new synthetic, A104 
Temperature, effect on mammalian 

reproduction, All 
Tester, sediment, A75 
Thermal death range, of bacteria, A14, A 29 
Thermoduric bacteria, 
from the udder, A13, A121, A182 
origin and control, A13 
significance and control, A13, A107 
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Thermophilic bacteria, significance and 40a- 
trol, A18 

Thyroid, effect on mammalian reproduction, 
All 

Titratable acidity, 
of dried milk, A160 

of milk, A93 - 

Tocopherole, as stabilizers, for body-tissue 
fata, A51 / 

Trace elements, in colostrum, A143 
Transportation, refrigerated motor, A38 
Trichomoniasis, 

transmission by artificial insemination, 
A164 

vaccination for, A109 
Tryptose, toxic factor for Brucella abortus 
in, A181 

UdDER infections, by thermoduric bac¬ 
teria, A13, A121, A182 
Ultraviolet, use in dairy industry, A86, A92 
Utensils, sterilization of, A116 

V AOOINATION, 
for brucellosis, A108 
for trichomoniasis, A109 

Vacreation, 

* 

of cream, A35 

of ice cream mix, A35, A96 

of milk, A35 

Yacreator, for condensing milk, A35 
Vending machines, for ice cream, A 84 
Yibrionic abortion, in cattle, A148 
Virus diarrhea, of dairy cattle, A170 


Viscosity, of sweetened condensed milk, 
A146 
Vitamins, 

A, 

in Ontario butter, A44 
requirements for calves, A82 
state of, in colostrum and milk, A78 
< 3 , 

in milk, deaeration for preservation of, 
A190 

D, 

in milk, control of, A129 
in colostrum, A143 

prophylactic administration to calves of, 
A110 

riboflavin, balances with milk products, 
A96 

"WASTE disposal, dairy, and stream pol¬ 
lution, A26, A27 

Water, flocculation and sterilization, elec¬ 
trical, A36 

Water supplies, bacterial quality of, A86 
Watering, of milk, detection, A35 
Wetting agents, milking machine cleaning 
with, A36 
Whey, * 

condensed, from cheese, A31 
immune lactoglobulins from, A69 
use in by-products, A147 
utilization, A147 

White sauce, from homogenized milk, A74 
Wrapping, of butter, in parchfilm and 
pliofilm, A15 
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